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PREFACE. 


The  rapid  advance  in  the  cultivation  of  Practical  Astronomy 
which  has  recentiy  been  made  in  the  United  States  is  one  of 
the  most  encouraging  features  of  the  age.  It  is  less  than 
twenty-five  years  since  the  first  refracting  telescope,  exceeding 
those  of  a  portable  size,  was  imported  into  the  United  States, 
and  the  introduction  of  meridional  instruments  of  the  large  class 
is  of  still  more  recent  date.  We  may  now  boast  of  two  Observ- 
atories, liberally  equipped  with  instruments  of  the  best  class, 
and  provided  with  a  permanent  corps  of  observers,  as  also  a 
considerable  number  of  other  establishments  more  or  less  com- 
plete, and  a  still  larger  number  of  telescopes  of  dimensions  ade- 
quate to  be  employed  in  original  research. 

This  large  increase  of  instrumental  means  of  research  has  not 
only  been  attended  by  a  corresponding  increase  of  practical  ob- 
servers, but  also  by  an  increase  of  astronomers,  who  are  able  to 
apply  their  observations  toward  the  testing  and  perfecting  of 
astronomical  theories.  Not  only  have  the  latitude  and  longi- 
tude of  numerous  places  in  the  United  States  been  accurately 
determined,  but  a  large  number  of  fixed  stars  have  been  care- 
fully observed  and  catalogued ;  improved  methods  of  observation 
have  been  invented ;  the  places  of  the  difierent  members  of  our 
solar  system  have  been  accurately  observed  and  compared  with 
the  best  tables ;  new  tables  have  been  constructed,  claiming  an 
accuracy  superior  to  any  thing  heretofore  known  in  Europe ; 
and  we  have,  at  last,  our  own  nautical  ephemeris,  which,  it  is 
hoped,  will  contribute  to  hasten  the  era  of  our  national  scientific 
independence. 

While  the  attention  of  so  many  persons  is  thus  eamestiy  di- 
rected to  the  improvement  of  Practical  Astronomy,  the  want  of 
a  suitable  text-book  on  this  subject  has  been  extensively  felt. 
Some  work  has  been  needed  which  should  not  only  give  an  ade- 
quate description  of  the  instruments  required  in  the  outfit  of  an 
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Observatory,  but  which  shoold  also  explain  the  methods  of  em- 
ploying them,  and  the  computations  growing  out  of  their  use. 
No  work  of  this  description  has  hitherto  been  attempted  in  this 
country,  if  we  except  one  or  two  treatises  whose  scope  was  con- 
fessedly far  too  limited ;  nor,  so  far  as  I  am  aware,  does  there 
exist  in  the  English  language  any  work  which  meets  the  de- 
mand in  our  country.  Pearson's  Practical  Astronomy  was  un- 
dertaken with  a  somewhat  similar  object  in  view ;  but  this  is  a 
work  of  inconvenient  bulk,  of  heavy  expense,  and,  withal,  fur- 
nishes the  student  with  very  little  insight  into  the  methods  of 
computation  now  most  generally  adopted  by  astronomers ;  nor 
have  I  met  with  any  work  in  any  foreign  language  which  ap- 
peared to  me  exactly  to  meet  the  wants  of  our  own  country. 

The  following  are  among  the  different  classes  of  persons  for 
whom,  it  is  believed,  a  work  on  Practical  Astronomy  was  needed  : 

1.  Amateur  observers,  who  have  in  their  possession  astronom- 
ical instruments  which  they  wish  to  employ  to  the  best  advant- 
age, and  feel  the  need  of  more  specific  instructions  than  can  bo 
gathered  from  the  elementary  text-books  on  Astronomy. 

2.  Practical  surveyors,  engineers  employed  on  boundary  and 
government  surveys,  astronomers  employed  in  determining  the 
situation  of  light-houses  and  other  important  points  on  the 
coast,  the  conductors  of  expeditions  of  discovery,  whether  by 
land  or  sea.  Indeed,  every  person  who  has  occasion  to  engage 
in  astronomical  computations  feels  the  importance  of  having 
before  him  a  volume  which  furnishes  the  formukc  for  his  use, 
and  tables  to  facilitate  his  labors. 

3.  There  is  a  far  more  numerous  class  of  persons  to  whom,  it 
is  believed,  a  work  on  Practical  Astronomy  may  bo  highly  use- 
ful, viz.,  the  entire  corps  of  young  men  who  are  engaged  in  a 
course  of  liberal  education.  It  is  thought  that  the  study  of 
Practical  Astronomy  ought  to  be  incorporated  into  the  regular 
course  of  instruction  in  all  our  colleges  and  universities.  It 
may  be  said  that  very  few  young  men  in  our  country  ever  in- 
tend to  devote  their  time  to  the  business  of  astronomical  obser- 
vations ;  so,  also,  very  few  intend  to  become  practical  surveyors, 
or  navigators,  or  opticians ;  yet  we  include  surveying,  naviga- 
tion, and  optics  in  our  course  of  liberal  study,  prescribed  for  all 
indiacrimiDately,  whatever  may  bo  their  ultimate  destination. 
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Practical  Astronomy  has  claims  upon  our  attention  equal  to 
those  of  either  of  the  preceding  sciences,  whether  we  regard  it 
as  a  means  of  mental  discipline,  or  in  its  bearings  upon  other 
branches  of  study.  An  acquaintance  with  the  grand  principles 
of  astronomy  has  from  time  immemorial  been  regarded  as  an 
essential  part  of  a  finished  education ;  but  no  one  can  feel  a 
rational  confidence  in  the  results  announced  by  astronomers 
without  some  distinct  notion  of  the  methods  by  which  these  re- 
sults are  attained.  When  the  student  is  told  that  the  sun  is 
ninety-five  millions  of  miles  distant  from  us,  and  that  light  re- 
quires several  years  to  reach  us  from  the  nearest  fixed  star,  he 
may  receive  these  doctrines  without  dispute  on  the  basis  of  au- 
thority, but  he  can  feel  no  adequate  conviction  of  their  truth 
without  a  knowledge  of  the  instruments  with  which  the  requi- 
site observations  are  made,  as  well  as  the  principles  upon  which 
the  computations  are  conducted. 

It  is  believed,  therefore,  that  Practical  Astronomy  is  destined 
to  occupy  a  more  prominent  place  in  our  institutions  of  educa- 
tion than  it  now  holds,  and  it  is  hoped  that  the  present  volume 
may  contribute  something  to  so  desirable  a  result. 

The  preparation  of  this  treatise  has  been  attended  with  seri- 
ous labor.  No  considerable  portion  of  it  has  been  exclusively 
derived  from  any  single  work.  I  have  sought  for  materials  from 
every  source  within  my  reach — ^not  only  from  the  standard  au- 
thorities upon  this  subject,  but  also  from  Astronomical  Journals 
and  the  Annals  of  Observatories.  The  works  which  I  have  most 
frequently  consulted  with  success  are,  Pearson's  Practical  As- 
tronomy, and  Baily's  Astronomical  Tables ;  Delambre's  Astro- 
nomic, and  Francoeur's  Astronomic  Pratique ;  Briinnow's  Sphii- 
rischen  Astronomic;  Sawitsch's  Practischen  Astronomic,  and 
Bessel's  Astronomische  Untersuchungen. 

The  Tables  which  accompany  this  volume  have  cost  me  con- 
siderable labor.  Table  XVI.  is  entirely  original.  Doubtless  sim- 
ilar tables  have  been  heretofore  computed,  but  I  have  been  una- 
ble to  find  such  an  one  in  any  of  the  works  to  which  I  have  had 
access.  Several  of  the  tables  have  been  computed  entirely  anew, 
although  similar  tables  are  to  be  found  in  other  works.  Of  this 
description  are  Nos.  XVII.,  XVm.,  XXII.,  and  XXVH.  Others 
have  been  partially  recomputed,  extended,  and  modified  to  suit 
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the  size  of  the  page  or  the  plan  of  this  work.  Of  this  description 
are  Nos.  IX.,  XH.,  XIIL,  XIV.,  Xy.,  XIX.,  XX.,  XXL,  XXIII., 
XXX.,  and  XXXY.,  while  a  considerable  portion  of  the  remainder 
have  been  more  or  less  modified  in  form  or  substance.  There  is 
not  a  line  in  the  entire  volmne  which  was  not  sent  to  the  printer 
in  manuscript,  and  large  portions  of  the  work  have  been  several 
times  re-written.  Nearly  every  instrument  mentioned  in  this 
book  is  illustrated  by  a  pretty  accurate  drawing,  which,  it  is 
hoped,  will  render  the  descriptions  intelligible  to  those  who  have 
not  the  instruments  in  their  possession. 

I  have  to  acknowledge  my  obligations  to  several  scientific 
friends  for  assistance  in  the  preparation  of  this  work.  To  my 
friends  at  Washington  and  Cambridge  I  am  indebted  for  several 
important  suggestions  ;  but  I  am  more  particularly  indebted  to 
Eev.  C.  S.  Lyman,  of  New  Haven,  who  read  nearly  the  entiro 
work  in  manuscript,  and  whose  criticisms  have  proved  of  great 
service  to  me.  I  am  also  indebted  to  him  for  the  description  of 
the  prismatic  sextant  on  page  101,  and  for  the  second  method 
of  projecting  solar  eclipses  on  page  242. 

Inasmuch  as  the  student  is  supposed  to  have  some  previous 
acquaintance  with  the  elements  of  astronomy,  if  any  one  should 
undertake  the  study  of  this  volume  whose  time  docs  not  permit 
him  to  read  the  whole  in  course,  he  may  take  up  whatever  chap- 
tor  he  pleases,  and  omit  the  remainder  with  very  little  danger 
of  embarrassment ;  or  if  he  should  omit  any  t}iing  which  is  es- 
sential to  be  studied,  the  references  tliroughout  the  work  will 
direct  him  to  those  portions  which  require  hb  attention.  To 
students  who  propose  to  devote  only  a  few  weeks  to  the  study 
of  Practical  Astronomy  as  a  branch  of  general  education,  the 
following  course  is  suggested :  Read  the  first  two  chapters,  with 
but  little,  if  any,  omission ;  read  Articles  131-5  of  Chap.  III. ; 
some  of  the  problems  of  Chap.  IV. ;  Chap.  V.  entire,  and  Chap. 
VI.  to  Art.  179 ;  a  considerable  part  of  Chap.  VIII.,  and  Articles 
219-224  of  Chap.  IX. ;  after  which  the  student  may  proceed 
with  Lunar  and  ISolar  Eclipses  and  Oooultations. 
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PRACTICAL  ASTEONOMY. 


CHAPTER  I. 

STRUCTURE  OF  AN  OBSERVATORY.— THE  TELESCOPE. 

Article  1.  In  selecting  a  site  for  an  astronomical  observatory, 
we  should  aim  to  secure  the  following  advantages : 

1.  Stability  in  the  position  of  the  instruments. 

2.  A  good  horizon. 

3.  Freedom  from  atmospheric  obstructions. 

In  order  to  secure  the  first  advantage,  we  should  select  a  spot 
which  affords  a  solid  foundation  for  building.  The  instruments 
should  rest  upon  stone  piers  whose  foundations  are  either  rock, 
gravel,  or  hard  clay,  for  which  purpose  it  is  sometimes  neces- 
sary to  excavate  the  earth  to  the  depth  of  20  or  25  feet.  To 
prevent  the'  transmission  of  tremors  from  the  surface  of  the 
ground  to  the  instruments,  the  earth  should  not  be  filled  in  about 
the  piers,  but  the  latter  should  be  left  completely  insulated.  It 
is  found  that  ordinary  tremors  are  but  little  felt  a  few  feet  below 
the  surface  of  the  earth. 

Proximity  to  a  large  city  or  to  great  thoroughfares  is  most  un- 
desirable ;  but,  if  this  should  prove  unavoidable,  it  is  especially 
important  to  attend  to  the  insulation  of  the  piers. 

(2.)  In  order  to  secure  a  good  horizon,  it  was  formerly  cus- 
tomary to  build  an  observatory  of  great  height,  but,  for  the  pur- 
pose of  securing  greater  stability  of  the  instruments,  astronomers 
now  select  an  eminence  of  moderate  elevation,  from  which  the 
ground  descends  on  all  sides,  and  place  their  instruments  as  near 
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the  ground  as  can  conveniently  be  done.  It  is  a  matter  of  the 
first  importance  that  the  horizon  be  unobstructed  in  the  direction 
of  the  meridian. 

The  atmospheric  obstructions  which  astronomers  aim  to  avoid 
as  far  as  possible  are  fogs — ^which  are  uncommonly  prevalent  in 
certain  places,  especially  on  low,  swampy  grounds— the  smoke 
and  heated  air  arising  from  chimneys,  factories,  etc.,  as  also  the 
dust  and  noise  of  public  streets.  Certain  locaUties  are  much 
more  subject  to  clouds  and  high  winds  than  other  places,  and 
these  are  specially  unfavorable  to  the  operations  of  an  observ- 
atory. 

(3.)  A  transit  instrument  and  a  good  clock  are  indispensable' 
to  the  furniture  of  every  observatory.  The  former  requires  an 
opening  in  the  roof  and  down  the  walls  of  the  building,  so  as 
to  afford  a  view  of  the  meridian  from  the  north  to  the  south 
horizon.  This  opening  should  not  be  less  than  eighteen  inches 
wide,  and  should  be  covered  by  doors  which  may  be  easily 
thrown  open,  and  which,  when  closed,  shall  effectually  exclude 
the  rain  and  snow.  A  complete  observatory  must  also  be  fur- 
nished with  a  graduated  circle  for  measuring  altitudes  or  polar 
distances,  which  will  require  a  second  opening  across  the  roof, 
similar  to  the  one  already  described,  unless  a  meridian  circle  be. 
used  for  both  purposes,  in  which  case  one  opening  may  suffice. 

(4.)  An  altitude  and  azimuth  circle,  or  an  equatorial  instru- 
ment, requires  a  revolving  roof,  with  an  opening  from  the  zenith 
to  the  horizon,  to  enable  the  observer  to  follow  a  heavenly  body 
in  any  part  of  its  diurnal  course.  This  roof  should  not  be  larger 
than  is  necessary  for  giving  room  to  the  observer  and  to  the  in- 
strument under  it,  lest  its  bulk  and  consequent  weight  should 
impede  its  easy  motion.  It  should  be  made  to  turn  round  on 
a  circular  bed,  placed  in  a  horizontal  position.  The  dome  may 
revolve  on  small  brass  wheels,  set  in  a  ring  of  wood  of  proper 
dimensions,  or  on  cast-iron  balls,  turned  in  a  lathe  so  as  to  be  of 
exactly  equal  diameter. 

The  figure  on  the  opposite  page  represents  a  section  of  a  rota- 
tory dome  suitable  for  a  small  observatory.  The  letters  AA 
represent  an  opening  18  or  20  inches  in  width,  extending  from 
tfaie  top  of  the  dome  down  one  side  to  the  horizon,  and  closed 
ly  three  doorsi  of  which  each  upper  one  overlaps  the  next 
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lower  one,  so  as  to  exclude  the  rain  and  snow, 
plate,  BB,  which  appears 
a  straight  line,  is  a  circa- 
lar  ring,  which  forms  the 
base  of  the  dome ;  andCC 
13  a  similar  ring,  forming 
the  wall  plate  on  which 
the  dome  rests  and  re- 
volves. 

(5.)  A  modern  otserv- 
atory  generally  consists 
of  a  central  bnilding,  of 
moderate  elevation,  sur- 
mounted ty  a  revolving 
dome  covering  on  equa- 
torial telescope,  and  hav- 
iog  small  wings,  running 
east  and  west,  in  which 
are  placed  the  instruments  which  are  designed  for  observations 
in  the  meridian.  The  sketch  on  page  16  represents  a  section 
of  the  Washington  Observatory.  A  is  a  pier  of  solid  masonry, 
whose  foundations  are  nine  feet  below  the  surface  of  the  groond. 
It  runs  through  the  centre  of  the  main  building,  and  on  the 
top  rests  the  equatorial,  E,  surmounted  by  a  revolving  dome. 
Both  on  the  east  and  west  sides  of  the  central  building  is  a 
wing,  each  of  which  has  two  openings  20  inches  wide,  extend- 
ing tiuwigh  the  roof  and  along  the  sides  of  the  building,  so  as  to 
allow  an  unobstructed  view  of  the  meridian.  C  represents  the 
meridian  circle,  and  T  the  transit  instrument.  The  mural  circle 
was  formerly  attached  to  the  pier,  M,  in  the  west  wing,  bat  it 
has  since  been  removed  to  the  pier,  P,  in  the  east  wing. 

(6.)  It  is  desirable  to  have  access  to  some  distant  field,  both 
north  and  south,  where  it  may  he  permitted  to  erect  a  pillar  on 
which  to  fix  a  meridian  mark.  This  mark  should  be  at  such  a 
distance  that  it  may  be  distinctly  seen  with  the  solar  focus  of 
the  transit  instrument,  which,  for  a  small  instrument,  may  be 
a  distance  of  half  a  mile,  but  for  a  large  instrument,  may  be  a 
mile  or  several  miles.  The  Royal  Observatory  at  Edinbui^h 
has  two  meridian  marks,  the  northern  one  distant  about  8000 
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feet,  and  Hie  soathem  about  18,000.  These  distant  marks, 
however,  are  not  indispensable,  and  at  Greenwich  their  use  haa 
been  abandoned. 

(7.)  By  applying  to  the  object  end  of  the  telescope  a  cap,  with 
a  lens  of  long  focos,  we  may  employ  a  near  meiidian  mark, 
which,  in  some 
respects,  is  more 
convenient  than 
a  distant  one. 
The  annexed  fig- 
nre  represents  a 
meridian  mark 
Qsed  by  Captain 

Smyth,  of  Bod-  .^^;,^^ .  _^_. , jj^,,. 
ford,  England.  '  ^  '*^'  — =Tatiii~t-.„ 
A  brass  plate,  five  inches  long  and  three  inches  wide,  is  secured 
by  screws  to  a  stone  which  has  a  firm  foundation  sunk  into 
the  ground.  On  this  plat«  there  slides  another  of  smaller  size, 
adjustable  by  two  screws  pressing  against  its  ends.  On  the 
sliding  plate  is  soldered  a  square  piece  of  silver,  bearing  a  -well- 
defined  black  cross  as  a  mark  for  the  meridian.  A.  four-inch 
lens,  ground  to  a  focal  length  of  49^  feet,  which  is  exactly  its 
distance  from  the  cross,  is  attached  to  an  iron  plate,  which  is 
let  into  the  sonth  wall  of  the  observatory,  in  a  line  with  the 
transit  instrument.  The  rays  of  light  from  the  meridian  mark 
consequently  become  parallel  after  passing  through  the  lens, 
and  the  mark  can  be  viewed  through  a  telescope  adjusted  to  its 
solar  focus. 

THE   TELESCOPE. 

(S.)  The  object-glass  of  a  refracting  telescope  must  be  ach- 
romatic, consisting  of  two  lenses  so  combitied  as  to  destroy  the 
injurious  effects  of  color  and  aberration.  The  available  diam- 
eter of  the  object-glass  is  called  its  aperture,  and  is  usually  a 
little  less  than  that  of  the  tube  in  which  it  is  inserted.  It  forms 
the  image  of  an  object  toward  which  it  may  be  directed  near 
the  eye  end  of  the  telescope.  The  distance  from  this  image  to 
the  object-glass  is  called  the  focal  length  of  the  telescope,  and 
is  commonly  a  little  greater  than  the  length  of  the  main  tube. 
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This  image  is  magnified  by  a  microscope  called  an  eye-piece, 
consisting  of  two  or  more  tenses,  and  several  of  them  are  fur- 
nished, with  every  telescope,  in  order  to  afTord  a  variety  of  mag- 
nifying powers.  The  eye-piece  is  set  in  a  sliding  tube,  and  is 
moved  by  a  milled  head,  connected  with  a  rack  and  pinion,  to 
enable  the  observer  to  adjust  the  eye-piece  exactly  to  the  image. 
(9.)  Two  varieties  of  eye-pieces  are  in  common  nse,  one  called 
the  negative,  the  other  the  positive  eye-piece.     The  negative 

3  eye-piece  is  formed  of  two  plano-convex  lenses, 
A,  B,  fixed  with  their  curved  faces  toward  the 
object-glass,  at  a  distance  from  each  other 
something  less  than  half  the  snm  of  their  focal 
lengths.  It  is  called  a  negative  eye-piece,  be- 
cause the  image  viewed  by  the  eye  is  formed 
behind  the  inner  lens,  and  this  is  the  form  generally  used  when 
distinct  vision  is  the  sole  object 

(10.)  The  positive  eye-piece  is  formed  of  two  plano-convex 

r,    lenses,  C,  D,  having  their  curved  faces  turned 

k  ^1     toward  each  other,  and  placed  at  a  distance 

I  c  pi      from  each  other  less  than  the  focal  distance  of 

■  in    the  lens  next  the  eye,  so  that  the  image  of  the 

^> siiy    object  viewed  is  beyond  both  the  lenses ;  and 

this  is  the  form  adopted  for  the  transit  instrument  where  spider 
lines  arc  placed  in  the  focus  of  the  object-glass,  and  also  for 
telescopes  with  micrometers,  for  the  piece  containing  the  two 
lenses  can  be  taken  ont  without  disturbing  the  lines,  and  is  ad- 
justable for  distinct  vision.  As  the  image  formed  at  the  focus 
of  the  object-glass  lies  parallel  to  the  flat  face  of  the  contiguous 
lens,  every  part  of  the  held  of  view  is  distinct  at  the  same  ad- 
justment, or,  as  opticians  say,  there  is  a  fiat  field. 

(11.)  In  looking  through  a  telesct^  at  objects  in  high  alti- 
tudes,  the  head  of  the  observer  is  brought  into  a  very  incon- 
venient position ;  to  obviate  which  inc<mvenience,  the  diagonal 
eye-piece  was  invented,  and  b  commonly  applied 
to  the  transit  instrument.  A  flat  piece  of  pol- 
ished  speculum  metal,  E,  is  usually  applied  be- 
tween the  two  lenses  of  the  eye-piece,  at  an  an- 
>  gle  of  4d°,  which  changes  the  direction  of  the 
rays  of  light,  and  forms  an  Image  wUch  becomes  erect  with 
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respect  to  altitude,  but  is  still  reversed  with  respect  to  azi- 
muth. 

(12.)  Instead  of  a  piece  of  reflecting  metal,  that  requires,  a 
surface  perfectly  flat,  which  is  not  easily  obtained,  a  rectangu- 
lar prism  of  glass  is  sometimes  substi- 
tuted. A  section  of  the  prism  ABC,  per- 
pendicular to  its  edge,  must  be  an  isos- 
celes right-angled  triangle.  If,  there- 
fore, a  ray  of  light,  DE,  from  the  ob- 
ject-glass fall  upon  the  surface,  AB,  of 
the  prism  perpendicularly,  it  will  pro- 
ceed without  change  of  direction  to  E, 
will  there  sufier  total  reflection,  and  will  pass  through  the  side 
AC  without  deviation.  The  prism  has  this  advantage  over  the 
plane  speculum,  that  much  less  light  is  lost  in  the  reflection. 

(13.)  Reflecting  telescopes  are  of  various  kinds,  but  the  two 
chiefly  employed  at  present  are  the  Newtonian  and  Herschelian. 
In  the  Newtonian  form,  the  rays  reflected  from  the  large  mirror 
at  the  lower  end  of  the  tube  are  again  reflected  at  right  angles 
by  an  inclined  plane  mirror,  and  viewed  by  an  eye-piece  on  the 
side  of  the  tube.  The  observer,  accordingly,  in  using  this  in- 
strument, looks  in  a  direction  at  right  angles  with  the  tube  of 
the  telescope. 

In  the  Herschelian  construction,  the  large  mirror  is  slightly 
inclined,  so  as  to  form  the  image  close  to  one  side  of  the  tube, 
where  the  eye-piece  is  placed,  and  the  observer  looks  down  the 
tube  with  his  back  turned,  toward  the  object  under  examination. 
Some  portion  of  the  light  from  the  object  is  necessarily  inter- 
cepted by  the  head  of  the  observer ;  but  in  a  lai^  instrument 
this  loss  is  not  very  serious. 

(14.)  If  the  solar  focal  distance  of  the  object-glass  of  the  tele- 
scope be  divided  by  the  focal  distance  of  its  eye-piece,  consid- 
ered as  a  single  lens,  the  quotient  will  expref  s  the  magnif}dng 
power  of  the  telescope.  An  ordinary  celestial  eye-piece  consists 
of  two  lenses ;  so  that,  before  we  can  determine  the  magnify- 
ing power  of  the  telescope,  we  must  know  what  single  lens  is 
equivalent  to  the  two  lenses  of  the  eye-piece.     The  focal  length 

of  the  equivalent  lens  is  given  by  the  formula  E== — —-, 

r +/ — a 
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where  F  denotes  the  solar  focal  length  of  the  inner,  /  that  of 
the  outer  lens,  d  the  distance  between  them,  and  E  the  focal 
length  of  the  equivalent  lens.  Then,  if  we  put  S  for  the  solar 
focal  distance  of  the  object-glass,  the  magnifying  power  will 

^1 

(15.)  As  it  is  difficult  to  measure  exactly  the  focal  length  of 
the  lenses,  other  methods  of  determining  the  magnifying  power 
of  a  telescope  are  generally  preferred. 

Let  the  focus  of  the  telescope  be  accurately  adjusted  to  dis- 
tant objects.  Then,  if  we  direct  the  telescope  toward  the  light 
of  the  sky,  a  small  bright  circle  will  be  formed  near  the  eye- 
piece, which  is  nothing  else  than  the  image  of  the  aperture  of 
the  telescope.  If,  then,  we  measure  the  diameter  of  this  circle 
by  means  of  a  scale  divided  into  very  small  equal  parts,  and  like- 
wise the  aperture  of  the  telescope,  the  diameter  of  the  aperture 
thus  determined,  divided  by  the  diameter  of  the  bright  image, 
will  express  the  magnifying  power  of  the  telescope.  For  exam- 
ple, let  the  clear  diameter  of  the  object-glass  be  10  inches,  and 
the  diameter  of  the  small  bright  circle  be  one  tenth  of  an  inch| 
then  will  100  represent  the  magnifying  power  of  the  telescope. 
Various  contrivances  have  been  employed  for  measuring  the  di- 
ameter of  this  small  circle  of  light,  but  the  best  method  is  by 
means  of  Ramsden^s  Dynameier. 

(16.)  The  following  is  Gaqss's  method  of  determining  the 
magnifying  power  of  a  telescope :  If  we  invert  the  telescope, 
and  direct  the  eye-piece  toward  some  distant  object,  then,  on 
looking  through  the  object-glass,  the  image  of  this  object  will 
appear  as  many  times  reduced  in  size  as  it  would  be  magnified 
by  the  telescope  if  we  observed  through  the  eye-piece.  We 
therefore  direct  the  telescope  so  that  two  objects  can  be  dis- 
tinctly seen  through  the  object-glass  in  the  middle  of  the  field 
of  view,  or  at  equal  distances  on  the  two  sides  of  the  optical 
axis.  We  then  point  a  theodolite  toward  this  telescope,  so  that 
its  optical  axis  shall  coincide  nearly  with  the  optical  a3us  of  the 
telescope,  and  measure  the  angle  a,  included  between  the  ima- 
ges of  the  above-mentioned  objects  as  they  appear  in  the  invert- 
ed position  of  the  telescope.  We  then  remove  the  telescope,  and 
measure  with  the  theodolite  the  angle  A,  which  is  comprehended 
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between  the  objects  themselves ;  the  required  magnifying  pow- 
er = — BhiI —  ;  and  if  the  angles  A  and  a  are  small,  the  mag- 
tang,  i  a 

nifying  power  =—  nearly. 

(17.)  The  magnifying  power  of  a  telescope  may  also  be  ob- 
tained in  the  following  manner :  If  a  disk  of  white  paper,  one 
inch  in  diameter,  be  placed  on  a  black  groimd  at  30  or  40  yards 
distance  from  the  telescope,  and  a  staff,  painted  white  and  di- 
vided into  inches  and  parts  by  strong  black  lines,  be  placed  vert- 
ically near  the  disk,  the  eye  that  is  directed  through  the  tele- 
scope, when  adjusted  for  vision,  will  see  the  magnified  disk,  and 
the  other  eye,  looking  along  the  outside  of  the  telescope,  will  ob- 
serve the  number  of  inches  and  parts  that  the  disk  projected  on 
it  will  just  cover ;  and  the  number  of  inches  thus  covered  will 
indicate  the  magnifying  power  of  the  telescope  at  the  distance 
for  which  it  is  adjusted  to  distinct  vision. 

For  example,  a  disk  of  paper,  one  inch  in  diameter,  was 
placed  at  a  distance  of  101^  feet,  contiguous  to  a  graduated 
vertical  staff,  and,  when  the  adjustment  for  vision  was  made 
with  a  42-inch  telescope,  the  left  eye  of  an  observer  viewed  the 
disk  projected  on  the  staff,  while  the  right  eye  observed  that  the 
enlarged  image  of  the  disk  covered  just  58^  inches  on  the  staff; 
which  number  was  the  measure  of  the  magnifying  power  F,  at 
the  distance  answering  to  the  focal  distance  F,  which  in  this 
case  exceeds  the  solar  focal  length  F  by  an  inch  and  a  half. 
The  solar  power  P  may  be  obtained  from  the  terrestrial  or  meas- 
ured power  F  by  the  following  proportion : 

F' :  F  :  :  P' :  P. 

In  the  present  case  we  have 

43.5  :  42  : :  68.5  :  66.5  nearly. 

Hence  the  magnifying  power  dhe  to  the  solar  focal  length  of 
the  telescope  is  66.5. 

(18.)  Every  telescope  of  considerable  magnifying  power 
should  be  furnished  with  &  finder;  that  is,  a  small  telescope  of 
a  low  power  and  a  large  field  of  view,  attached  to  the  side  of 
the  larger,  with  their  axes  parallel  to  each  other.  In  the  com- 
mon focus  of  the  object-glass  and  eye-glass  is  a  pair  of  coarse 
wires,  intersecting  each  other  in  the  middle  of  the  field.    A  tel- 
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escope  with  a  high  magnifying  power  has  a  very  small  field  of 
view,  and  therefore  an  observer  may  have  great  difficulty  m 
finding  a  small  object  for  which  he  is  searching.  This  incon* 
venience  b  obviated  by  the  finder.  The  telescope  is  pointed  ap- 
proximately toward  a  star  by  glancing  the  eye  along  the  tube, 
when  the  star  will  be  seen  in  the  finder,  because  its  field  of  view 
is  very  large.  The  object  is  then  brought  into  the  middle  of 
the  field  of  the  finder,  which  is  indicated  by  the  intersection  of 
the  wires,  when  it  will  be  somewhere  in  the  field  of  the  larger 
telescope. 

(19.)  In  order  to  judge  of  the  excellence  of  a  telescope,  we 
should  examine  the  quality  of  the  glass,  and  also  the  accuracy 
with  which  the  chromatic  and  spherical  aberrations  arc  cor- 
rected. We  may  judge  of  the  achromatism  by  directing  the 
telescope  to  the  moon  or  to  Jupiter,  and  alternately  pushing  in 
and  drawing  out  the  eye-piece  from  the  place  of  distinct  vision. 
In  the  former  case,  a  ring  of  purple  will  be  formed  round  the 
edges ;  and  in  the  latter,  a  ring  of  Ught  green,  which  is  the  cen- 
tral color  of  the  prismatic  spectrum ;  for  these  appearances  show 
that  the  extreme  colors,  red  and  violet,  are  corrected. 

(20.)  We  may  test  the  figure  of  the  object-glass  by  covering 
its  centre  by  a  circular  piece  of  paper,  about  one  half  of  its  di- 
ameter, and  adjusting  it  for  distinct  vision  of  a  given  object,  and 
then  trying  if  the  focal  length  remains  unaltered  when  the  pa- 
per is  taken  away,  and  a  cap  with  an  aperture  of  the  same  size 
is  applied,  so  that  the  extreme  rays  may  in  their  turn  be  cut  off. 
If  the  vision  is  distinct  in  both  cases,  without  any  new  adjust- 
ment for  focal  distance,  the  spherical  aberration  is  corrected. 

(21.)  If  one  part  of  the  object-glass  have  a  different  refractive 
power  from  another  part,  a  star  of  the  first  magnitude  will  point 
out  the  defect  by  the  exhibition  of  an  irradiation,  or  what  op- 
ticians call  a  toingy  at  one  side,  which  no  perfection  of  figure 
or  of  adjustment  will  banish ;  and  the  greater  the  aperture,  the 
more  liable  is  the  evil  to  happen.  Hence  caps  with  different 
apertures  are  usually  supplied  with  large  telescopes,  that  the 
extreme  parts  of  the  glass  may  be  cut  off  in  observations  requir- 
ing a  well-deiined  image.  In  case  one  half  of  the  glass  be  faulty 
and  the  other  good,  a  semicircular  aperture,  by  being  turned 
gradually  round,  will  detect  the  semicircle  ^hich  contains  the 
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defective  portion  of  the  glass ;  and  if  such  portion  should  be  cov- 
ered, the  only  inconvenience  that  would  ensue  would  be  the  loss 
of  the  light  which  is  thus  excluded. 

(22).  The  most  precise  mode  of  estimating  the  capacity  of  a 
telescope  is  by  observations  of  a  series  of  test  objects  in  the 
heavens.  These  objects  should  be  selected  with  reference  both 
to  illuminating  power  and  defining  power,  which  quaUties  are 
quite  distinct  from  each  other.  The  usual  tests  of  illuminating 
power  are  stars  of  such  a  degree  of  faintness  as  barely  to  come 
within  the  range  of  the  telescope ;  and  the  tests  of  defining 
power  are  double  stars,  as  close  to  each  other  as  can  be  dis- 
tinctly seen  separated.  The  following  list  of  close  double  stars 
will  afford  a  considerable  range  of  tests  for  defining  power : 


Star. 


9  Herculis 

7  Corons  Borealis  . . . 
42  Come  Berenicis  . . 

7*  Andromeds 

u  Leonis 

4  Aquarii 

178  P.  Delphini 

^'  Bootis 

e  Equulei 

20  Draconis 

7  Tauri 

9  Corone  Borealis  . . . 

e  Arietis 

r  Ophiuchi 

32  OrionU 

36  Andromedn 

37  Pegaai 

C  Cancri 

C  HercuUs 

{^  Bootis 

170  P.  Canis  Minoris , 

X  Ophiuchi 

73  Ophiuchi , 

ir  Aquiln 

127P.yirgini8...... 

a  Corons  Borealis  . . , 

i  Leonis , 

c*  Lyr« 

e*  Lyrs , 

yCeti 

1 1  MonoceroUs , 

^  Urse  Majoris 

y  Leonis 

y  Virginis 

e  Bootis 

eDraconis 

Draconis 

a  Piscium 


R.  A.,  1850. 


Dec.,  1850. 


E 


h>    m,    9. 
16  37  45 
15  36  27 

13  2  41 

1  54  43 
9  20  25 

20  43  28 
20  24     2 

15  18  51 
20  51  35 

16  55  41 
3  25  34 

15  17    0 

2  50  39 

17  54  55 

5  22  46 

0  46  57 
22  22  23| 

8     3  36 

16  35  38 

14  33  59 
7  32     9 

16  23  21 

18  2     7 

19  41  38 

13  26  38 

16  9  4 
11  16  6 
18  39  25 

18  39  22 
2  35  32 

6  21  33 

11  10  10 
10  11  42 

12  34    4 

14  38  26 

19  48  39 

17  2  14 

1  54  18 


39 

26 

18 

41 

9 

6 

10 

37 

3 

65 

23 

30 

20 

8 

5 

22 

3 

18 

31 

14 

5 

2 

3 

11 

0 

34 

11 

39 

39 

2 

6 

32 

20 

0 


12.7 
46.5 
19.5 
36.5 
42.4 
11.0 
45.5 
52.6 
43.3 
16.1 
57.5 
50.0 
44.2 
10.5 
49.8 
48.9 
40.3 
5.8 
52.7 
22.5 
34.3 
19.0 
58.4 
26.8 
27.3 
14.5 
21.3 
27.5 
30.9 
36.1 
56.4 
22.4 
35.9 
37.6 
27  42.6 
69  53.1 
54  40.1 
2    2.3 


N. 
N. 
N. 
N. 
N. 
S. 


N.'BS 


N. 

N. 

N. 

N. 

N. 

N. 

S. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

S. 

N. 

N. 

S. 

N. 

N. 

N. 

N. 


Magnitudes. 


A3 
A5 
A  4^ 
B5^ 
A  6^ 
A6 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


8 

5^ 

7 

6 

6 

6 

6 

5 

6 

6 

6 

3 
A4 
A7 
A4 
A6 
A6 
A8 
A6 
A4 
C5^ 
A  5^ 
A3 
B7 
A  4^ 
A  2^ 
A4 
A3 
A5i 
A5 
A5 


B8 

B7 

B5 

C6 

B7 

B7^ 

C9 

B8i 

B7 

B7i 

B6i 

B6i 

B7 

B6^ 

B7 

B7 

B7J 

B6i 

B7 

B4^ 

B8 

B6 

B7J 

B7 

B9 

B7 

B8 

D5J 

B6^ 

B7 

C8 

B5i 

B4 

B4 

B7 

B9 

B5 

B6 


Distance. 

0.3 

• 

0.4 

0.4 

0.4 

0.4 

Binary. 

0.5 

0.6 

Quadruple. 

0.6 

0.7 

0.7 

0.7 

0.8 

Binary. 

0.8 

0.9 

Binary. 

1.0 

1.1 

1.1 

1.2 

Triple  star. 

1.2 

Binary. 

1.2 

1.3 

1.4 

Binary. 

1.5 

1.7 

1.7 

Binary. 

2.2 

Binary. 

2.5 

2.a) 
3.2  ( 

Multiple. 

2.6 

2.7 

Triple  star. 

2.7 

Binary. 

2.9 

3.0 

Binary. 

3.0 

3.1 

3.2 

3.7 

24 
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(23.)  As  tests  of  illnminating  power  may  be  mentioned  the 
satellite  of  Neptune,  which  is  equal  to  a  star  of  the  fourteenth 
magnitude,  and  is  not  known  to  have  been  seen  by  more  than 
three  or  four  telescopes  in  any  part  of  the  world ;  the  satellites 
of  Uranus,  which  are  about  equally  difficult ;  and  the  three 
smaller  satellites  of  Saturn.  The  new  satellite  of  Saturn,  dis- 
covered by  Mr.  Bond,  is  estimated  to  be  equal  to  a  star  of  the 
seyenteenth  magnitude. 

The  following  table  of  faint  and  unequal  stars  will  also  afford 
a  good  measure  of  illuminating  power : 


Star. 


6  Cygni 

y  Crateris 

9  Casniopes  . . . 

11  Cancri 

Antares 

17  Lyra 

84Ceti 

a'  Capricorni . . . 

f  Virginii 

15  Pleiadum  . . . 

V  Cell 

K  Geminorum  . . 

84  Pisciam 

6  Geminorum  . . 

f  Piflcium 

|9  Orionifl 

9  Catsiopes . . . . 
X  Geminorum  . . 

6  Peraei 

41  Arictis 

Peffasi 

r  Ononis 

Polarii 

fi  Aquarii 

7  Camolojpardi . . 

6  Equulei 

4SPiMium 

a  Lyne 

a  Arietij 


R.A.,  1850. 


h.  m,  9, 
19  40  17 
11  17  23 
23  51  26 
7  59  39 
16  20  13 

19  1  45 

2  33  33 

20  9  43 
14  20  29 

3  36  58 
28  0 
35  23 

2  20 

11 

5 

7 

40 

9  28 

33  58 

41  9 

22  39  12 

5  10  19 

1  5  1 

21  23  39 

4  45  16 
21  7  11 

0  14  40 
18  31  51 

1  58  44 


2 
7 
0 
7 
1 
5 
0 
7 
2 
2 


10 

37 

19 

3 


Dec.,  1650. 


26 
32 

1 
13 

1 


44  46.0  N. 
16  51.6  S. 
54  55.2  N. 
27  54.6  N. 
5.6  S. 

16.1  N. 

20.2  S. 
0.3  S. 

33.1  S. 

22  40.5  N. 

4  56.1  N. 

24  45.2  N. 

10  18.6  N. 

22  15.2  N. 

23  47.3  N. 
8  22.8  S. 

1.1  N. 
48.4  N. 
48  35.4  N. 
26  38.4  N. 
24.4  N. 
0.6  S. 

30.6  N. 

13.7  S. 

30.3  N. 
24.1  N. 
38.9  N. 

38.8  N. 


57 
16 


11 
7 

88 
6 

53 
9 

12 

38 


22  45.0  N. 


Mafnitudea. 


A3 

A4 

A6 

A7 

Al 

A6 

A6 

A3 

A5 

A8 

A  4^ 

A4 

A6 

A4 

A6 

Al 

A4 

A4 

A4 

A3 

A5 

A4 

A  2^ 

A3 

A5 

A4^ 

A7 

Al 

A3 


B  9 
B  14 
B  8 
B  12 
B  10 
Bll 
B  14 
B  16 
B  13 
B  14 
B  15 
B  10 
B13^ 
B  9 
B  13 
B  9 
B  7k 
B  12 
B  13 
B  13 
B  15 
B  15 

B  n 

B  15 
B  13 
Bll 
B  13 
B  11 
B  11 


C  12 


Diataoee. 


1.7 

3.0 

3.1 

3.2 

3.5 

8.6 

5.0 

5.0 

5.0 

5.0 

6.0 

6.1 

7.0 

7.1 

9.0 

9.5 

95 
10.3 
150 
15.0 
15.0 

15.0  and  20.0 
18.6 
25.0 
27.0 
28.2 
35.0 
43.4 
300 


(24.)  Some  of  the  nebulsD  afford  excellent  tests  of  the  per- 
formance of  a  telescope.  Certain  nebuloe,  which,  to  an  ordinary 
telescope,  appear  merely  as  a  dim  patch  of  light,  by  more  pow- 
erful instruments  are  resolved  wholly  into  stars,  and  others  are 
partially  resolved. 

The  following  are  some  of  the  most  interesting  objects  of 
this  class : 
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Nebula  of  Andromeda . . 

^  H.  Peraei 

19  H.  Andromeds 

60  H.  Penei 

Crab  nebula 

Nebula  in  Orion 

2  H.  Geminonun 

67  M.  Cancri 

27  H.  Hydre 

97  M.  Urss  Majorb 

60  M.Virginia 

64  M.  Ck>mB  Berenicis  . . . . 
53  M.  Corns  Berenicis  . . . . 
Spiral  nebula   

3  M.  Canum  Venaticorum  . 

70  H.  Virginia 

5  M.  librs 

13  M.  Herculia 

10  M.  Ophiuchi 

17  M.  Cljpei  Sobieskii .  . . . 

28  M.  SagitUrii 

Annular  nebula  in  Lyra  . . . 

56  M.  Lyrs 

Dumb-bell  nebula 

103  H.  Delphini 

15  M.  Pegaai 

2  M.  Aquarii 

30  M.  Capricomi 


R.A.,IBSO. 


59 

3 

21 

32 


m»    n.  s. 
0  34  37 
2    8  39 

2  13  12 

3  58  55 
5  25  27 

5  27  54 

6  46  31 
8  42  58 

10  17  29 

11  5 

12  36 

12  49 

13  5 
13  23  31 

13  35  12 

14  21  44 

15  10  56 

16  36 
16  49 
18  11  57 
18  15  17 

18  47  59 

19  10  42 

19  53     4 

20  26  50 

21  22  42 
21  25  40 
21  31  50 


Dec.,  1850. 


19 
16 


40 
56 
41 
49 
21 
5 
18 
12 


12 

22 

18 

47 

29 

5 

2 

36 

3 

16 


26.9  N. 
27.1  N. 
38:9  N. 

6.2  N. 

54.7  N. 

29.5  S. 
9.8  N. 

21.4  N. 
17  53.6  S. 
55  49.7  N. 

22.8  N. 

30.0  N. 

58.1  N 

58.6  N. 

7.3  N. 
17.8  S. 
39.0  N. 

44.6  N. 
52.8  S. 
15.8  S. 

24  56.7  S. 
32  50.8  N 

55.2  N 

18.7  N 
55.2  N 
30.0  N 

29.5  S. 


29 
22 

6 
11 

1 


23  49.8  S. 


Large  and  irresolvable. 

Glorious  mass  of  stars. 

Irresolvable. 

Compressed  oval  group. 

Large  oval  nebula. 

Great  irresolvable  nebula. 

A  compressed  cluster. 

Loose  cluster. 

Fine  planetary  nebula. 

Planetary  nebula. 

A  double  nebula. 

Not  resolved. 

A  globular  cluster. 

Irresolvable  pair  of  nebuls. 

A  globular  cluster. 

Resolved  in  largest  telescopes. 

A  mass  of  stars. 

A  splendid  cluster. 

A  rich  round  mass. 

Horse-shoe  nebula. 

Compact  globular  cluster. 

Annular  and  irresolvable. 

Globular  cluster. 

Irresolvable. 

A  mass  of  minute  stars. 

Globular  cluster. 

A  ball  of  stars. 

A  bright  cluster. 


Many  of  the  preceding  netulse  are  quite  conspicuous,  even 
with  a  small  telescope ;  but  the  visible  boundaries  of  these  ob- 
jects, and  the  number  of  stars  which  they  exhibit,  depend  upon 
the  power  of  the  instrument. 

(25.)  The  following  statement,  by  Captain  Smyth,  will  afford 
to  beginners  a  tolerable  idea  of  what  kind  of  performance  they 
ought  to  expect  from  their  telescopes.  Captain  Smyth's  tele- 
scope was  an  achromatic  refractor  of  8^  feet  focal  length,  with 
an  object-glass  of  5^  inches  clear  aperture.  The  cap  which 
covered  the  object-glass  was  pierced  with  two  circular  holes,  of 
two  inches  and  four  inches  diameter.  With  the  two-inch  aper- 
ture, and  magnifying  powers  of  from  60  to  100,  he  saw  Polaris 
and  its  companion  distinctly,  and  clearly  perceived  double 


a  Fiscium, 
y  Leonis, 


fjL  Draconis, 
f]  Cassiopese. 


With  tiie  four-inch  aperture,  and  powers  varying  from  80  to 
120,  and  upward,  he  readily  saw 
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P  Ononis, 

aLyrsB, 

d  GeminoTuni, 

f  UrssB  Majoris, 

But  it  required  the  fall  aperture,  and  powers  of  from  240  to 
300,  with  favorable  circumstances,  to  scrutinize  satisfactorily 
the  following  test  objects : 


0  Cassiopese, 
y  Ceti, 
e  Draconis, 

1  Leonis. 


a  Arietis, 
X  Ophiuchi, 
c  Equulei, 
dCygni, 


20  Draconis, 
i  Herculis, 
32  Orionis, 
K  Geminorum. 


EQUATORIAL    TELESCOPE. 

• 

(26.)  An  equatorial  telescope  consists  of  a  telescope  so  mount- 
ed as  to  have  two  axes  of  motion  at  right  angles  to  each  other, 
,  and  also  a  graduated  circle  connected  with  each  axis,  at  right 
angles  to  its  length.  When  the  instrument  is  adjusted  for  use, 
one  axis  is  parallel  to  the  axis  of  the  earth,  and  is  called  the 
polar  axis ;  the  other  is  parallel  to  the  plane  of  the  equator,  and 
is  called  the  declination  axis.  When  a  telescope  is  mounted 
with  an  altitude  and  azimuth  movement  (as  is  the  case  with 
common  portable  instruments),  it  requires  a  motion  in  altitude 
as  well  as  in  azimuth  to  follow  a  star  in  its  diurnal  course ; 
and  these  movements  are  sufficient  to  occupy  both  hands  of  the 
observer.  But  with  a  telescope  mounted  equatorially,  only  one 
motion  is  required  to  follow  a  star ;  that  is,  a  motion  parallel  to 
the  plane  of  the  equator ;  and  this  motion  being  perfectly  uni- 
form, can  easily  bo  effected  by  clock-work ;  by  which  means  the 
observer  has  both  his  hands  at  liberty  to  use  a  micrometer,  or 
for  any  other  purpose.  Such  an  instrument,  therefore,  affords 
great  advantages  in  measuring  the  relative  position  of  two  con- 
tiguous bodies,  in  measuring  the  diameters  of  the  planets,  etc. 
The  circle  which  is  connected  with  the  polar  axis  is  graduated 
into  hours,  minutes,  and  seconds  of  time,  to  indicate  the  right 
ascension  of  the  object  under  examination;  while  the  circle 
connected  with  the  declination  axis  is  graduated  into  degrees, 
minutes,  and  seconds  of  arc,  to  indicate  declination  or  polar 
distance. 
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(37.)  The  mode  of  mounting  now  generally  preferred  is  that 
employed  by  Fraun- 
hofer,    and   is   repre- 
sented in  the  amiex- 
ed  cat. 

a  represents  the 
polar  axis  parallel  to 
the  axis  of  the  earth ; 
b  ia  the  right  ascen- 
sion circle  attached  to 
the  supporting  frame, 
while  two  verniers, 
attached  to  the  polar 
axis,  Emd  revolving 
with  the  telescope^ 
point  out  the  right  as- 
cension of  a  star  upon 
this  circle.  The  axis 
e  is  the  deelinatloii 
axis,  at  ri^t  angles 
with  the  polar  axis, 
and  is  mounted,  so  as 
to  revolve  in  its  sup- 
ports ;  while  the  deo- 
liuation  circle,  d,  in- 
dicates the  declina-  j 
tion  of  the  object 
under  examination. 
"When  the  right  ascension  circle  is  clamped,  the  declination  axis 
may  be  made  to  revolve  through  360°,  by  which  means  the 
telescope  will  he  pointed  successively  to  every  degree  of  dec- 
lination. When  the  declination  circle  is  olamped,  the  polar 
axis  may  he  made  to  revolve  through  360°,  by  which  means 
the  telescope  will  describe  a  complete  circle  of  diumal  motion. 
Thus,  by  means  of  these  two  motions,  which  are  at  right  an- 
gles to  each  other,  the  telescope  may  be  turned  toward  any  part 
of  the  heavens.  Indeed,  there  are  always  two  positions  of  the 
instrument,  with  reference  to  the  polar  axis,  in  which  the  tel- 
escope may  be  poiated  upon  any  star.     If  we  suppose  the  tele- 
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scope  to  be  in  the  position  represented  in  the  preceding  out, 
and  revolve  it  180^  in  right  ascension,  and  also  about  180°  in 
declination,  the  telescope  will  point  toward  the  same  part  of  the 
heavens  as  at  present ;  but  the  telescope  will  be  on  the  west 
side  of  the  polar  axis  instead  of  the  east  side.  One  is  called 
the  direct  position ;  the  other,  the  reversed  position  of  the  tel- 
escope. 

Connected  with  the  polar  axis  is  clock-work,  represented  at 
e,  by  which  the  instrument  is  turned,  so  as  to  follow  the  diurnal 
motion  of  a  star,  without  the  necessity  of  any  interference  firom 
the  observer.  The  driving  power  is  the  descent  of  a  weight, 
§•,  which  communicates  motion  to  a  train  of  wheel- work,  and 
ultimately  to  the  polar  axis,  while  its  too  swift  descent  is  reg- 
ulated by  the  friction  of  centrifugal  baUs.  This  contrivance 
serves  to  retain  any  object  upon  which  the  telescope  may  be 
pointed  in  the  centre  of  the  field  of  view  for  hours  in  succession, 
leaving  the  attention  of  the  observer  imdistracted,  and  both  his 
hands  at  Uberty. 

(28.)  The  equatorial  requires  the  following  adjustments : 

1.  The  polar  axis  must  be  elevated  to  the  altitude  of  the 
pole. 

2.  The  index  of  the  declination  circle  must  point  to  zero 
when  the  Uno  of  collimation  is  paraUel  to  the  equator. 

3.  The  polar  axis  must  be  brought  into  the  meridian. 

4.  The  line  of  collimation  of  the  telescope  must  be  perpen- 
dicular to  the  declination  axis. 

5.  The  declination  axis  must  bo  perpendicular  to  the  polar 
axis. 

6.  The  index  of  the  hour  circle  must  point  to  zero  when  the 
telesoope  is  in  the  meridian  of  the  place. 

(29.)  First  Adjustment, — Observe  the  polar  distance  of  any 
known  star  when  near  the  meridian,  and  then,  turning  the 
polar  axis  half  roimd,  observe  the  same  star  again.  Take  the 
mean  of  the  two  observations,  which  is  the  distance  of  the  star 
from  the  pole  of  the  instrument ;  correct  it  for  refraction,  and 
oompare  the  result  with  the  true  north  polar  distance  given  by 
the  Nautical  Almanac.  If  the  star  is  above  the  pole,  and  the 
instrumental  exceeds  the  true  polar  distance,  the  pole  of  the 
instrument  is  below  the  pole  of  the  heavens,  and  vice  versA. 
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Correct  this  error  by  the  proper  screws  for  raising  or  depressing 
the  polar  axis. 

Example.  When  c  Ursae  Minoris  was  near  the  meridian,  its 
north  polar  distance  was  observed  to  1)0  7"^  44'  7",  the  face  of 
the  declination  circle  being  west ;  and  7^  44'  40"  when  the  face 
of  the  circle  was  east. 

The  mean  of  these  two  observations  is  7°  44'  23''.5 ;  the 
refraction  was  d2".8 ;  making  the  corrected  polar  distance 
7°  43'  30".7.  The  polar  distance  by  the  Nautical  Almanac 
was  7^  42'  40".7.  Hence  the  polar  axis  was  50"  too  low.  The 
refraction  is  derived  from  Table  VIIL,  page  364. 

(30.)  Second  Adjustment, — Take  half  the  difference  of  the 
above  two  observations ;  this  will  be  the  index  error  of  the 
declination  verniers,  and  they  must  be  moved  accordingly  by 
their  adjusting  screws.  Several  pairs  of  observations  should  be 
taken,  in  order  to  ascertain  these  errors  with  great  accuracy. 

"Example.  According  to  the  observations  above  given,  the 
index  error  was  16".5,  to  be  added  to  observations  when  the 
circle  is  west. 

(31.)  Third  Adjustment. — Observe  the  polar  distance  of  a 
star  which  is  six  hours  from  the  meridian,  the  star  being  not 
very  near  the  pole,  nor  yet  near  the  horizon.  Correct  this  for 
refraction  in  polar  distance,  and  compare  the  result  with  the 
true  polar  distance  from  the  Nautical  Ahnanac.  If  the  star  is 
to  the  east  of  the  meridian,  and  the  instrumental  exceeds  the 
apparent  polar  distance,  the  north  pole  of  the  instrument  is  to 
the  west  of  the  celestial  pole. 

Example.  The  polar  distance  of  a  Ursse  Majoris,  when  six 
hours  west  from  the  meridian,  was  observed  to  be  27°  23'  49".0, 
the  face  of  the  circle  being  west.  Correcting  this  for  index  er- 
ror found  above,  16".5,  and  for  refraction  30".8,  the  result  is  27° 
24'  36".3.  The  polar  distance  by  the  Nautical  Almanac  is  27^ 
24'  43".7.     Hence  the  pole  of  the  instrument  was  7".4  west. 

(32.)  The  influence  of  refraction  upon  the  right  as- 
cension and  declination  of  a  star  may  be  computed  as 
follows : 

Let  A  represent  the  true  position  of  a  star,  B  its 
apparent  position  affected  by  refraction ;  then  AB  rep- 
resents the  refraction  in  altitude.     Let  BC  represent 
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a  portion  of  an  hour  circle  passing  through  B,  and  let  AC  be  an 
arc  perpendicular  to  BC.  Then  ABC  may  be  regarded  as  a  plane 
right-angled  triangle,  in  which  AC  represents  the  effect  of  re- 
fraction in  right  ascension,  and  BC  the  effect  in  declination. 

Now    AC  =  AB  sin.  ABC ;  and  BC = AB  cos.  ABC. 

The  angle  ABC,  which  we  will  represent  by  j?,  is  called  the 
parallactic  angle,  and  the  mode  of  computing  it  is  shown  in 
Art.  145.  Hence  the  refraction  in  right  ascension  is  equal  to 
the  refraction  in  altitude,  multiplied  by  the  sine  of  the  paral- 
lactic angle ;  and  the  refraction  in  declination  is  equal  to  the 
refraction  in  altitude,  multiplied  by  the  cosine  of  the  parallactic 
anglei  The  refraction  in  right  ascension  is  here  expressed  in 
parts  of  a  great  circle ;  if  we  wish  to  reduce  it  to  arc  of  right 
ascension,  we  must  divide  this  result  by  the  cosine  of  the  star's 
declination,  as  shown  in  Art.  72.     Hence  wo  have 

T»  /.     ^.      .    T»    *      ref-  ^  alt.  X  sin.  p 

Kefraction  m  R.  A.= = —. 

COS.  dec. 

Refraction  in  Dec.  =  rcf.  in  alt.  x  cos.  j?. 

(33.)  Fourth  Adjustment, — Observe  the  transit  of  an  cqua- 
torial  star  over  the  middle  vertical  wire,  or  mean  of  the  wires ; 
note  the  time,  and  read  off  the  verniers  of  the  hour  circle. 
Turn  the  polar  axis  half  round,  and  observe  the  same  star  a 
second  time  exactly  as  before.  Now  the  interval  between  the 
two  observations  should  correspond  exactly  to  the  difference  be- 
tween the  two  readings  of  the  hour  circle.  If  they  do  not  cor- 
respond, it  is  evident  that  one  of  the  transits  has  been  observed 
too  early,  and  the  other  too  late,  on  account  of  the  erroneous  po- 
sition of  the  wires.  One  half  the  difference  between  the  inter- 
val  as  measured  by  the  clock,  and  that  by  the  hour  circle,  will 
be  the  error  of  collimation. 

Example,  The  following  observations  were  made  uj)on  d 
Ophiuchi : 


F«co  of  Circle. 

Sidereal  Timr. 

Hour  Circle. 

West     .     .     . 
East     .     .     . 

k.      m.        9. 

16  12  58.8 
16  19    9.7 

k.     m.        B 

0    6  51.0 
0  13    0.5 

The  interval  between  the  two  observations  is  6m.  10.9s. ; 
the  difference  between  the  two  readings  of  the  hour  circle  is 
6m.  9.5s.     One  half  the  difference  is  0.7s.,  which  is  the  error 
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of  collimation  to  be  added  to  the  readings  of  the  hour  circle 
when  the  circle  is  east. 

(34.)  Fifth  Adjustment, ^^The  declination  axis  should  be 
placed  by  the  maker  perpendicular  to  the  polar  axis,  and,  hav- 
ing been  once  accurately  adjusted,  is  not  liable  to  subsequent 
derangement.  The  accuracy  of  this  adjustment  may  be  tested 
as  follows :  Bring  the  declination  axis  into  a  horizontal  position 
by  means  of  a  spirit-level,  whose  legs  rest  upon  the  extremities 
of  the  declination  axis,  and  read  the  hour  circle.  Turn  the  po- 
lar axis  half  round ;  bring  the  declination  axis  into  a  horizontal 
position  by  means  of  the  level,  as  before,  and  again  read  the 
hour  circle.  If  the  readings  agree  in  both  positions,  or  differ  by 
12h.  (when  the  graduation  is  to  24h.),  the  declination  axis  is 
adjusted.  If  the  readings  do  not  agree,  the  declination  axis  is 
not  perpendicular  to  the  polar  axis.  If  the  declination  axis  is 
furnished  with  adjusting  screws,  place  the  hour  circle  half  way 
between  the  position  it  actually  has  and  that  which  it  ought  to 
occupy,  in  order  that  the  readings  may  differ  by  exactly  twelve 
hours,  and  make  the  declination  axis  horizontal  by  raisin&r  or  ' 
depreking  the  proper  sc^ws. 

(35.)  This  adjustment  may  be  tested  astronomically  as  fol- 
lows :  Observe  the  transit  of  a  star  not  less  than  45°  from  the 
equator,  in  both  positions  of  the  polar  axis,  as  directed  for  the 
fourth  adjustment.  Since  an  elevation  of  the  west  end  of  the 
declination  axis  causes  the  line  of  sight  to  describe  a  circle  to 
the  east  of  the  pole,  all  the  transits  observed  in  that  position 
will  be  too  early ;  and,  vice  versa,  all  will  be  too  late  when  the 
east  end  is  high.  Again,  if  the  west  end  is  too  high  before 
reversing,  the  east  end  is  too  high  after  reversing,  so  that  an 
error  of  iuolination  has  a  different  effect  upon  observations  in 
reversed  positions,  and  thus  the  interval  is  increased  or  dimin- 
ished by  twice  the  error  of  a  single  observation.  The  law  of  the 
error  is,  that  it  varies  as  the  tangent  of  the  star's  declination. 
If  we  represent  the  interval  between  the  observations,  as  meas- 
ured by  the  clock,  by  c,  and  the  interval,  as  measured  by  the 
hour  circle,  by  A,  then 

g-A 
2  tang.  dec. 
will  be  the  error  in  the  position  of  the  declination  axis. 
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(36.)  Sixth  Adjustment. — Set  the  declination  axis  horizontal 
by  means  of  the  level,  when,  if  the  previous  adjustments  have 
been  properly  performed,  the  instrument  will  be  in  the  meridian, 
and  the  verniers  may  be  set  to  zero.  Or,  clamp  the  instrument 
approximately  in  the  meridian,  observe  the  transit  of  one  or 
more  known  stars  not  far  firom  the  equator,  and  correct  the  time 
of  observation  for  the  error  of  the  clock.  Then,  since  the  right 
ascension  of  the  star = the  true  sidereal  time  of  observation,  dz 
the  true  hour  angle  from  the  meridian,  the  true  hour  angle  is 
known,  and  the  verniers  may  be  set  to  mark  it. 

If  it  is  proposed  to  determine  the  absolute  place  of  a  heaven- 
ly body  by  means  of  the  equatorial,  it  is  necessary  to  determine 
its  errors  with  great  accuracy ;  but  this  instrument  is  chiefly 
employed  for  determining  differences  of  right  ascension  and  dec- 
lination of  objects  very  near  each  other,  in  w^hich  case  entire  ac- 
curacy in  all  the  adjustments  becomes  of  less  importance. 

THE    MICROMETER. 

(37.)  The  object  of  the  micrometer  is  to  measure  small  ce- 
lestial arcs  in  the  field  of  view  of  a  telescope.  It  appears  un- 
der a  great  variety  of  forms ;  but  the  one  now  most  commonly 
employed  is  called  the  spider-line  micrometer,  or  filar  microm- 
eter. It  consists  essentially  of  two  parallel  spider  lines  inserted 
in  the  common  focus  of  the  object-glass  and  eye-glass,  in  such  a 
manner  that  they  may  be  made  to  coincide  or  bo  separated  by 
the  slow  motion  of  a  screw.  The  number  of  revolutions  and 
parts  of  a  revolution  of  the  screw  are  indicated  by  a  scale  out- 
side of  the  tube,  and  this  affords  a  measure  of  the  distance  of 
the  spider  lines,  or  of  any  two  celestial  objects  with  which  they 
may  be  made  to  coincide. 

(38.)  The  figure  on  the  opposite  page  represents  tlio  spider- 
line  micrometer,  as  made  by  Troughton.  It  consists  of  a  rect- 
angular box,  three  or  four  inches  long,  about  one  inch  broad, 
and  a  quarter  of  an  inch  in  thickness,  with  a  graduated  screw- 
head  at  each  extremity ;  aaaa  are  the  sides  of  the  box  seen 
edgewise ;  bbb,  ccc  are  two  forks  of  brass,  which  slide  one 
within  the  other,  in  opposite  directions,  and  across  them  are 
stretched  the  spider  lines  d  and  e ;  ff  are  fine  screws  attached 
to  the  forks,  and,  passing  through  the  ends  of  the  boi^,  enter 
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the  milled  heads  gg^  with  each  of  which  is  connected  a  small 
graduated  circle.     Whenever  the  heads  gg  are  turned  in  the 


direction  of  the  numhers  upon  the  circles,  the  forks  be  are 
drawn  outward ;  and  when  they  are  turned  in  the  contrary  di- 
reotion,  the  springs  hh  push  the  forks  inward,  and  thus  prevent 
any  loss  of  motion  in  the  screw.  The  screws  have  about  100 
threads  to  the  inch,  so  that  one  revolution  of  the  head  g  car- 
ries the  line  d  over  the  hundredth  part  of  an  inch.  The  cir- 
cumference of  the  circle  attached  to  the  head  g  is  divided  into 
a  hundred  equal  parts,  so  that  the  motion  of  the  head  g  through 
one  of  these  divisions  advances  the  line  d  through  one  ten  thou- 
sandth part  of  an  inch.  The  long  line  /,  running  at  right  angles 
to  the  small  ones,  should  be  placed  parallel  to  the  two  objects 
whose  distanq^e  is  to  be  measured. 

On  one  side  of  the  field  of  view  is  a  notched  scale  of  teeth, 
corresponding  in  size  to  the  threads  of  the  screw.  Every  fifth 
one  is  cut  deeper  than  the  rest,  and  they  are  numbered  from 
zero,  at  the  centre,  by  tens,  in  each  direction.  The  spider  lines 
may  be  made  to  coincide  at  zero,  whioh  is  represented  by  the 
small  circular  hole  made  near  the  middle  of  the  scale,  and  they 
may  be  made  to  glide  by  each  other  a  short  distance,  e  passing 
very  close  under  d. 

(39.)  In  order  to  measure  any  distance,  as,  for  example,  the 
sun's  diameter,  turn  one  of  the  heads  until  the  attached  line  is 
drawn  15  or  20  notches  to  the  left  of  zero,  and  the  other  head 
in  the  contrary  direction,  until  d  may  be  made  to  touch  one 
limb  while  e  touches  the  other.  Read  off  in  the  field  of  view 
how  many  notches  have  been  passed  over  by  each  wire,  and  the 
fractional  part  of  a  revolution,  on  the  divided  heads.  The  sum 
of  the  two  quantities  will  give  the  whole  number  of  revolutions 
and  parts  indicated.    If  the  distance  to  be  measured  is  smaU,  it 

C 
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will  only  be  necessary  to  move  one  of  the  lines  while  the  other 
remains  at  zero. 

The  micrometers  made  at  Mmiich  differ  from  the  preceding 
in  having  but  a  single  graduated  head,  and  only  one  of  ^o 
threads  is  designed  to  be  moved  in  observations.  The  other 
thread  is  only  allowed  a  slight  motion  to  adjust  for  index  error. 

To  find  the  value  of  otie  revolution  of  the  screw. 

(40.)  First  Method,  —  Find  how  many  revolutions  of  the 
screw  will  exactly  measure  the  vertical  diameter  of  the  sun 
when  his  altitude  is  considerable,  allowance  being  made  for  the 
difference  of  refraction  of  the  upper  and  lower  limbs.  The 
whole  diameter,  as  given  by  the  Nautical  Almanac,  reduced  to 
seconds,  and  divided  by  the  number  of  revolutions  and  decimal 
parts  observed  on  the  head  of  the  screw,  will  give  the  value  of 
a  single  revolution. 

Example,  When  the  sun's  altitude  was  40°  30^,  his  vertical 
diameter  was  measured  by  40.98  revolutions  of  the  micrometer 
screw.  The  sun's  diameter,  according  to  the  Nautical  Almanac, 
was  31^  31  ^^2.  The  refraction  of  the  lower  limb  was  computed 
to  be  V\2  greater  than  that  of  the  upper  limb ;  hence  the  ap- 
parent vertical  diameter  of  the  sun  was  1890^''.  Therefore,  the 
value  of  one  revolution  of  the  screw  was 

40.98"^^  '^'^' 
(41.)  Second  Method, — Separate  the  two  lines  by  any  con- 
venient number  of  revolutions,  and  observe  the  time  required 
by  an  equatorial  star  to  pass  from  one  line  to  the  other.  Wo 
thus  obtain  the  interval  between  the  two  lines  in  seconds  of 
time,  which,  divided  by  the  number  of  revolutions,  gives  the 
value  of  one  revolution  of  the  screw.  This  result  will  bo  the 
more  reliable,  the  greater  the  distance  between  the  lines,  because 
the  unavoidable  error  in  estimating  a  fraction  of  a  second  of 
time  is  reduced  by  a  larger  divisor ;  and  the  observation  should 
be  repeated  until  a  satisfactory  result  is  obtained.  The  same 
result  may  be  obtained  from  a  star  situated  out  of  the  equator, 
by  reducing  the  observed  interval,  in  the  manner  described  in 
Art  72.  This  method  will  be  illustrated  by  an  example  with 
the  transit  instrument,  Art  73. 
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(43.)  It  is  ofl«Q  required  to  measnie  the  angle  which  thti 
line  joining  the  centres  of  two  stars  makes  with  the  meridian. 
This  is  effected  by  means  of  lack-work  and  a  screw,  carrying 
the  spider-line  micrometer  round  in  a  circle,  at  right  angles  to 
the  axis  of  the  telescope, 
and  the  motion  is  mees-  ..V^'^i  .  ill 

nred  by  means  of  a  grad- 
nated  circle. 

The  annexed  figure  rep- 
resents the  spider-line  mi- 
crometer attached  to  the 
end  of  a  telescope,  and  hav- 
ing, besides,  a  graduated 
circle,  AA,  with  a  milled 
head,  S,  acting  upon  a  con- 
cealed rack,  by  which  the 
micrometer,  BB,  may  be 
made  to  revolve  entirely 
round  the  axis  of  the  te 
scope.  This  motion  is  measured  upon  the  circle  AA  by  means 
of  the  fixed  index  C. 

In  order  to  measure  the  angle  of  position  of  two  stars,  point 
the  telescope  upon  one  of  the  stars,  and  turn  the  micrometer 
until  the  line  /  (see  figure,  page  33)  is  made  to  bisect  the  star 
daring  the  whole  time  of  its  crossing  the  field  of  view ;  this 
line  will  then  be  parallel  with  the  equator.  Let  the  index  of 
the  position  circle  now  be  put  to  zero.  Then  revolve  the  mi- 
crometer until  the  line  /  con  bo  made  to  bisect  both  stars  at  the 
same  time,  and  note  the  reading  of  the  position  circle.  This 
will  be  the  angle  of  position  measured  ftom  a  parallel  of  decli< 
nation,  as  practioed  by  Sir  William  Hersohel. 

(43.)  An  equatorial,  furnished  with  a  miorometerj  affords  the 
most  convenient  means  of  determining  the  position  of  a  comet, 
by  comparing  it  with  some  neighboring  star.  The  method  of 
observation  is  as  follows :  The  equatorial  having  been  previous- 
ly adjusted,  point  the  telescope  upon  some  convenient  star,  and 
moke  the  -wire  I  of  the  micrometer  (see  figure,  page  33)  parallel 
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to  the  equator,  which  is  known  to  be  the  case  when  &  star  will 
travel  along  the  wire  daring  its  passage  through  the  field  of  the 
teleaoope.  Then  turn  the  oirole  9CP,  and  the  line  /  will  be  per- 
pendicular to  the  equator.  Now  point  the  telescope  upon  the 
ooraet,  and,  having  chunped  both  the  honr  and  deolinattoo  cir- 
oIbs  very  firmly,  note  by  the  clock  the  time  when  the  comet 
passes  over  the  wire  /,  biseoting  it  at  the  same  time  by  the  wire 
e.  Wait  till  the  star  of  comparison  passes  over  the  field,  note 
its  transit  over  the  wire  /,  and  bisect  it  in  declination  with  the 
wire  rf,  by  turning  the  head,  g-,  of  the  micrometer  screw.  Then 
the  difference  of  the  times  of  observation  gives  the  difference  of 
right  osoensioQ  between  the  comet  and  star,  and  the  difTerence 
of  declination  is  taken  from  the  micrometer.  If  the  place  of 
the  star  of  comparison  is  not  obeady  known,  it  must  be  after- 
ward observed  by  meridian  instruments,  and  then  the  place  of 
tlie  onnet  is  deduced  with  the  greatest  accuracy. 
(44.)  Method  of  illuminating  the  Lines. 
Hitherto  it  has  been  presumed  that  the  spider  lines  in  the 
miorometer  will  bo  visible  in  all  celestial  observations,  made  by 
night  BH  well  as  by  day ;  whereas,  in  all  nocturnal  observations, 
artificial  tight  is  required  to  render  the  Lues  of  the  micrometer 
visible.  This  light  is  supplied  by  opening  a  circular  hole  in  the 
side  of  tlio  main  tubt^  before  which  a  lamp  is  suspended,  and 
placing  an  oval  ring  of  gilt  metal,  deadened  so  as  to  reflect  a 
mitigated  light  up  the  tekwcope,  at  a. proper  angle  of  inclination 
within  the  tube.  In  order  to  regulate  the  quantity  of  light,  so 
as  not  to  conceal  faint  stars  from  view,  variable  diaphragms  maj 
be  interposed,  or  darkening  glasses  of  difTerent  shades  of  color. 
-_  ^  By  means  of  a  small  lamp, 

fitted  to  an  aperture  in  the  tube 
next  to  the  eye-piece,  the  wires 
may  be  illutninatod  while  the 
field  remains  dark,  thus  enabling 
the  observer  to  have  bright  lines 
and  a  dark  field,  or  a  bri^t  field 
and  dark  lines,  at  pleasure. 

The  annexed  diagram  repre- 
sents the  illuminated  lines  as 
they  are  usually  uranged  in  a 
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amall  transit  instrument,  vitli  a  star  joat  going  off  on  the  left 
side,  and  the  planet  Venus  approaching  to  the  first  wire. 

(45.)  Sir  William  Heraohel  was  acouatomed  to  distinguish 
angles  of  position  by  the  terms  north,  following;  south, preced- 
ing- ;  whi<^  words  were  designated  by  the  initials  n,  /,  s,  p  ; 
and  he  measured  angles  only  up  to  90° ;  begixming  at  the  pre* 
ceding  and  following  points,  and  reading  each  way,  north  and 
south,  up  to  90°.  It  is  now  mote  common  to  measure  angles 
of  position  from  the  north  point  by  the  east,  round  to  360°. 
The  following  diagram  shows  both  forms,  as  used  in  the  re- 
versed field  of  a  t«lesoope. 


00MET>9EEKEH. 


(46.)  The  comet-seeker  is  a  telescope  having  on  olgeot-glass 
of  large  aperture  and  short  focal  lengtii,  with  which  ktw  mag- 
nifying powers  are  used,  that  it  may  have  a  large  field  of  view, 
and  ooITect  the  greatest  possible  amount  of  tight.  The  figure 
on  the  next  page  represents  such  on  instrument  mounted  equa- 
tonally.  It  rests  upon  a  tripod,  with  foot  screws,  H,  H,  H,  for 
leveling.  From  the  tripod  rises  a  vertical  shaft,  whose  upper 
extremity  is  enlarged  for  the  support  of  an  axis,  P,  parallel  to 
the  axis  of  the  earth.     To  this  is  attached  an  hour  circle,  Q-, 
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graduated  to  hours,  rainntes,  and  seconds ;  and  upoa  its  edge 
BTs  out  threads,  to  receive  an 
endless  screw,  H,  whidi  ooni- 
munioates  a  slow  motion 
alx>ut  the  axis.  At  right  an- 
gles to  the  polar  axis  is  the 
declination  axis,  with  its  cir- 
cle, E,  divided  into  degrees 
and  minutes,  and  having  also 
a  tangent  screw  for  alow  mo- 
tion. The  telescope  tube,  T, 
is  of  the  ordinary  construe* 
tion,  and  is  accurately  coun- 
terpoised by  the  weight  "W". 
The  shaft  has  a  level,  L,  for 
I     I  adjusting  it  to  a  vertical  po. 

ution  by  means  of  the  foot 
screws,  and  a  tangent  screw, 
bd,  gives  a  slow  motion  in 
azimuth. 

(47.)  The  adjustments  of 
this  instrument  are  the  same 
as  those  of  a  large  equatorial ; 
but  inasmuch  as  it  is  design- 
ed merely  to  scour  the  heav- 
ens  in  search  of  comets,  and 

not  for  accurate  observations  of  position,  no  great  precision  is 

nsaally  aimed  at  in  the  adjustments. 


CHAPTER  11. 

THE  TRANSIT  INSTRUMENT. 

(48.)  The  transit  is  a  meridional  instrument,  employed,  in 
connection  with  a  clock  or  chronometer,  for  observing  the  pas- 
sage of  celestial  objects  across  the  meridian,  either  for  obtain- 
ing correct  time  or  determining  their  right  ascensions. 

(49.)  The  figure  on  the  next  page  represents  a  portable  transit 
instrument.  The  telescope  tube,  AA,  is  supported  upon  an  axis, 
BB,  placed  at  right  angles  to  the  direction  of  the  telescope. 
This  axis  terminates  in  two  cylindrical  pivots  which  rest  in  Y*s, 
which  are  strongly  united  to  the  two  uprights  CC.  The  stand 
CDC,  carrying  the  Y's,  is  made  of  cast-iron,  and  should  be  made 
of  a  single  piece,  in  order  to  secure  a  steady  and  pernianent  po- 
sition. At  the  left  end  of  the  axis  there  is  a  screw,  E,  by  which 
the  Y  of  that  extremity  may  be  raised  or  lowered  a  little,  in 
f  order  that  the  axis  may  be  made  perfectly  horizontal.  At  the 
right  end  of  the  axis  is  a  screw,  F,  by  which  the  Y  of  that  ex- 
tremity may  be  moved  backward  or  forward,  in  order  to  enable 
as  to  bring  the  telescope  into  the  plane  of  the  meridian.  Near 
the  right  end  of  the  axis  is  fixed  a  circle,  Gr,  which  turns  with 
the  axis,  while  the  vernier,  H,  remains  stationary  in  a  horizon- 
tal position,  and  shows  the  altitude  to  which  the  telescope  is 
elevated.  The  vernier  is  set  horizontal  by  means  of  an  attached 
qpirit  level,  I.  The  level  KK  rides  on  the  pivots  of  the  axis. 
There  is  a  pin  at  each  end,  which  drops  into  a  fork  at  L,  to  hold 
the  level  safely  and  upright.  At  the  left  end  is  the  adjustment 
for  setting  the  level  tube  parallel  with  the  axis.  At  the  other 
end  is  an  adjustment  for  raising  or  depressing  the  extremity  of 
the  level. 

(50.)  Near  the  eye  end,  and  in  the  principal  focus  of  the 
telescope,  is  placed  the  diaphragm  or  wire  plate,  carrying  five 
or  seven  vertical  wires,  and  two  horizontal  ones,  between  which 
the  star  Is  observed.  The  central  vertical  wire  ought  to  be 
fixed  in  the  optical  axis  of  the  telescope,  and  perpendicular 
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with  respect  to  the  pivots  of  the  axis.  These  wires  are  rendered 
visible  in  the  day  time  by  the  diffuse  Ught  of  day,  which  pene- 
trates the  tube  of  the  telescope ;  but  at  night,  artificial  illu- 
mination is  required.  This  illumination  is  effected  by  piercing 
one  of  the  pivots,  and  admitting  the  light  of  a  lamp,  M,  fixed 
on  the  top  of  one  of  the  standards.  This  light  is  directed  to 
the  wires  by  a  reflector,  placed  diagonally  at  the  junction  of 
the  axis  and  telescope ;  the  reflector  having  a  large  hole  in  its 
centre,  so  as  not  to  interfere  with  the  rays  passing  down  the 
telescope  from  the  object.  By  inclining  the  opening  of  the 
lantern,  more  or  less  Ught  may  be  admitted  to  the  telescope,  to 
accommodate  faint  objects,  which  might  be  entirely  eclipsed 
by  a  bright  light.  The  telescope  is  furnished  with  a  diagonal 
eye-piece,  W,  by  which  stars  near  the  zenith  may  be  observed 
without  inconvenience.  The  head  of  the  micrometer  screw  is 
shown  at  P. 

(51.)  A  transit  instrument  for  a  large  observatory  differs  from 
the  preceding  chiefly  in  being  of  larger  dimensions,  and  resting 
upon  stone  piers  instead  of  a  movable  frame.  The  figure  on 
the  next  page  represents  such  an  instrument,  as  made  by  Ertel 
and  Son,  of  Munich.  PP  are  the  stone  piers,  which  rest  upon 
foundations  sunk  deep  in  the  earth.  The  axis  of  the  telescope 
is  made  strong,  so  as  to  resist  flexure,' and  was  cast  in  a  single 
piece,  the  middle  part  of  it  being  in  the  form  of  a  cube.  The 
telescope  tube  is  composed  of  two  conical  frustums,  which 
are  fastened  by  screws  to  the  cubical  part  of  the  axis.  The 
weight  of  a  seven-feet  transit  is  about  200  pounds.  In  order 
that  the  pivots  may  be  relieved  from  a  portion  of  ,this  weight, 
there  is  raised  upon  the  top  of  each  pier  a  brass  pillar,  E,  about 
18  inches  high.  On  the  top  of  the<  pillar  there  is  a  lever,  H, 
from  one  end  of  which  hangs  a  strong  brass  hook,  X,  support- 
ing two  friction  rollers  under  the  ends  of  the  great  axis.  A 
counterpoise,  W,  sliding  on  the  other  end  of  the  lever,  may  be 
made  to  support  as  much  of  the  weight  of  the  instrument  as  is 
desired. 

(52.)  Both  the  pivots  of  the  axis  are  perforated  to  admit  the 
light  of  a  lamp,  on  an  elliptic-ring  reflector  placed  inside  the 
square  part  of  the  axis.  To  moderate  the  light  of  the  lamp, 
L,  there  is  a  green  glass  wedge,  movable  up  and  down  between 
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the  lamp  and  pivot.  The  thinnest  part  of  the  wedge  transmits 
neaily  all  the  light  of  the  lamp,  while  the  thickest  part  trans' 
mits  only  as  much  light  as  is  barely  sufficient  to  show  the 
spider  lines.  On  each  side  of  the  eye  end  of  the  telescope  is  a 
finding  oirote,  D,  with  a  level,  by  which  the  telescope  can  be  set 
to  any  zenith  distance. 

There  are  also  in  the  eye-tube,  at  the  back  of  the  plate  car- 
rying the  spider  lines,  two  oblong  openings  covered  with  glasa. 
A  lighted  taper  held  near  either  of  these  apertures  illumines  the 
lines  vrithoat  enlightening  the  field  of  view,  by  which  means 
very  small  stars  can  be  observed,  which  could  not  be  seen  by 
the  ordinary  illamination.  Z  represents  the  handle  of  the  screw 
which  fastens  the  damp  arm  to  the  axb  of  the  instrument ;  B 
and  C  are  handles,  by  which 
a  slow  motion  in  altitude  is 
^veo  to  the  telescope ;  00 
is  the  eye-[nece,  with  spider 
lines,  miorometer,  etc. 

(53.)  It  is  frequently  neces- 
sary to  reverse  the  axis  of  the 
transit  instrument,  and  large 
telescopes  need  some  special 
oontrivanoe  by  which  this 
may  be  readily  accomplished. 
The  most  convenient  appara- 
tus for  this  purpose  is  a  revers- 
ing- stand,  represented  in  the 
annexed  figure.  The  stand, 
being  cai  rollers,  is  brought 
under  the  axis  of  the  transit, 
when,  by  turning  the  handle 
K,  the  rod  MN  is  elevated  by 
means  of  a  screw,  and  the 
instrument  lifted  from  the 
piers  by  means  of  the  forks 
EB.  The  stand  is  then  rolled 
away  from  between  tHe  piers, 
and  the  instrument  turned 
half   round.      The    stand 
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again  rdled  between  the  piers,  and  the  axis  retained  to  its 
place. 

ADJUSTMENTS. 

(54.)  When  the  instmment  is  set  np,  it  shotild  be  so  placed 
that  the  telescope,  if  turned  down  to  the  horizon,  may  point 
north  and  south  as  near  as  can  possibly  be  ascertained.  This, 
of  course,  can  only  be  done  approximately,  as  the  meridian  can 
not  be  accurately  determined  until  the  other  adjustments  hiive 
been  completed. 

Distinctness  of  vision  and  parallax. 

(55.)  The  system  of  wires  or  spider  lines  should  be  in  the 
common  focus  of  the  object-glass  and  eye-glass.  In  order  to 
place  the  lines  in  the  focus  of  the  eye-glass,  push  in  or  draw 
out  the  eye-tube  until  they  are  seen  with  perfect  distinctness. 
Now,  if  the  wires  are  not  in  the  focus  of  the  object-glass  when 
the  telescope  is  directed  toward  a  distant  mark,  if  the  eye  be 
moved  a  little  to  the  right  or  left,  the  mark  will  appear  to  move 
with  reference  to  the  lines.  When  this  is  the  case,  the  object- 
glass  or  the  wires  must  be  moved  in  the  tube  until  the  parallax 
is  corrected,  after  which  they  must  be  secured  firmly  to  their 
places.  Alter  the  transit  has  been  placed  in  the  meridian,  and 
the  wires  adjusted  as  described  hereafter,  let  a  star  run  along 
the  horizontal  wire,  and  if  it  does  not  remain  perfectly  bisected 
while  the  eye  is  moved  up  and  down,  the  adjustment  for  par- 
allax is  not  complete. 

Horizontality  of  the  axis. 

(56.)  The  axis  on  which  the  telescope  turns  must  next  be 
made  horizontal.  This  is  effected  by  means  of  the  level.  The 
level  is  a  glass  tube,  apparently  cylindrical,  but  in  reality  a  por- 
tion of  a  ring  of  very  large  radius,  nearly  filled  with  spirit  of 
wine  or  sulphuric  ether.     The  convex  side  being  placed  upward, 

S  the  bubble  will  occupy  the  higher  part, 

as  ab ;  and  if  either  end  of  the  level 
be  elevated,  the  bubble  will  move  in 
that  direction.  If,  then,  a  divided  scale  be  attached  to  the  level, 
the  motion  of  the  bubble  will  measure  the  elevation  of  the  end 
of  the  level.  The  figure  on  the  opposite  page  shows  the  com- 
mon form  of  level,  which  should  be  made  of  such  dimensions, 
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that  the  legs  may  extend  from  one  pivot  of  the  transit  instru- 
ment to  the  other. 


Fig.  1 


Fig.  1  represents  a  front  view  of  the  level,  Figs.  2  and  3  rep- 
Fi«.  2.  resent  end  views  of  the  legs.    The  level     Fig.  3. 

6  aI  ic7«i  kr  s  consists  of  a  glass  tube,  Q-Gr,  which  lies 


TV 


\ 


2>  ^ 


% 


|1» 


/ 


rvi 


yT^^^T     in  a  semi-cylinder  of  brass,  BB,  and  is 
secured  to  it  by  two  thin  brass  straps, 
DD.     The  cylinder  is  connected  with 
one  leg  of  the  level  by  the  two  screws, 
/^  SS',  seen  in  Fig.  2,  and  with  the  other 

leg  by  the  screws  TT^  seen  in  Fig.  3.    The  screws  SS^ 
serve  to  move  the  cylinder  BB  in  a  horizontal  direction ;  the 
screws  TT'  serve  to  move  it  in  a  vertical  durection.     Each  foot 
of  the  level  has  two  planes,  inclined  at  an  angle  of  60  to  90  de- 
grees, which  are  designed  to  rest  upon  the  pivots  of  the  transit. 
(57.)  The  level  should  be  so  adjusted  that  its  axis  may  be 
parallel  with  the  axis  of  the  transit.     For  this  purpose,  place  the 
level  upon  the  pivots  of  the  axis,  and  bring  the  air-bubble  to  the 
centre  of  the  glass  tube  by  turning  the  screw  which  raises  or 
fewers  the  end  of  the  axis.     Then  reverse  the  level  so  that  the 
end  which  before  rested  on  the  right  pivot  may  rest  on  the  left. 
If  the  bubble  settles  in  the  same  position  as  before,  we  may  con- 
clude ^t  the  axis  of  the  transit  is  horizontal ;  but  if  the  bub- 
ble moves  from  its  former  position,  the  amount  of  this  motion 
will  be  equal  to  twice  the  inclinaticm  of  the  axis  to  the  horizon. 
Turn  the  screw  at  the  end  of  the  axis  so  as  to  move  the  bubble 
over  half  this  distance ;  then  loosen  one  of  the  screws,  TT',  Fig, 
3,  and  tighten  the  otiier,  until  the  bubble  is  brought  back  to  the 
middle  of  the  tube. 

Since  it  is  difficult  to  make  this  adjustment  perfect  at  a  sin- 
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gle  trial,  we  must  repeat  the  same  series  of  operations  until  the 
bubble  occupies  the  same  place  in  both  the  direct  and  reversed 
positions  of  the  level.  When  this  is  accomplished,  the  axis  of 
the  level  will  be  in  a  plane  which  is  paraUel  to  the  axis  of  the 
transit,  but  the  two  axes  will  not  necessarily  be  parallel  with 
each  other.  To  determine  whether  such  is  the  case,  revolve  the 
level  slightly  upon  the  axis  of  the  transit,  the  feet  of  the  level 
remaining  aU  the  while  in  contact  with  the  pivots.  If  the  bub- 
ble  changes  its  place,  the  axis  of  the  level  must  be  inclined  to 
the  axis  of  the  transit,  and  we  must  turn  the  screws  SS',  Fig. 
2,  either  forward  or  backward,  until  a  slight  rotation  of  the  level 
about  the  axis  of  the  transit  causes  no  sensible  change  in  the  po- 
sition of  the  bubble.  When  this  second  correction  is  completed, 
the  former  must  be  verified  anew. 

(58.)  To  discover  whether  the  level  is  well  made,  place  it 
upon  a  rule,  having  at  one  end  two  points,  which  enter  two  cor- 
responding cavities  upon  an  iron  bar,  while  at  the  other  end  of 
the  rule  is  a  delicate  micrometer  screw,  pressing  firmly  against 
a  cavity  in  the  iron  bar.  The  whole  must  be  placed  upon  a 
very  firm  support.  Then,  upon  turning  the  micrometer  screw 
so  as  to  change  the  inclination  of  the  level  to  the  horizon,  it  will 
be  easily  seen  whether  equal  parts  of  a  rotation  of  the  screw 
correspond  to  equal  movements  of  the  bubble  along  the  glass 
tube.  When  this  is  the  case,  the  level  is  good.  By  means  of 
this  arrangement  we  may  easily  determine  the  value  of  one  di- 
vision of  the  level,  expressed  in  seconds  of  arc.  Measure  the 
distance  of  the  cavity  in  which  the  micrometer  screw  rests  from 
the  middle  of  the  line  connecting  the  two  other  cavities  in  the 
iron  bar,  and  represent  this  distance,  expressed  in  inches  and 
parts  of  an  inch,  by  d.  Count  the  number  of  du'eads  contained 
in  an  inch  upon  the  screw,  from  which  wo  can  determine  the 
distance  between  two  threads,  expressed  in  parts  of  an  inch. 
Represent  this  distance  by  b.  Then,  it  is  plain  that  the  incli- 
nation of  the  level  to  the  horizon  will  be  changed  in  one  revo- 
lution of  the  screw  by  an  angle  equal  to  —  —  .,  ,7.    If,  therefore, 

a  sm.  1 

we  know  how  many  divisions  of  the  level  correspond  to  one  rev- 
olution of  the  screw,  we  may  determine  the  value  of  one  division 
of  the  level,  expressed  in  parts  of  a  second. 
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(59.)  "We  may  also  determine  the  value  of  one  division  of  the 
level  in  the  following  manner : 

Fix  the  level  to  the  tube  of  a  telescope  connected  with  a  vert- 
ical divided  circle  reading  to  seconds.  Move  the  telescope  by 
means  of  the  tangent  screw,  so  as  to  carry  the  bubble  success- 
ively to  one  side  and  the  other  of  the  level,  and  read  off  the  cir- 
cle in  the  two  positions.  The  difference  of  these  readings  in 
seconds,  divided  by  the  number  of  divisions  of  the  level  that  the 
bubble  has  moved,  will  give  the  value  of  one  division.  Delicate 
levels  are  generally  designed  to  be  divided  in  such  a  manner 
that  one  division  shall  represent  one  second  of  arc.  At  one  end 
of  the  level-tube  are  small  screws,  by  which  that  end  may  be 
elevated  or  depressed,  so  as  to  bring  the  bubble  into  the  middle 
of  the  tube  when  the  level  is  placed  on  a  horizontal  surface. 

Perpendicularity  of  the  wires. 

(60.)  It  is  desirable  that  the  central  or  middle  wire  should 
be  truly  vertical,  as  we  may  then  observe  the  transit  of  a  star 
on  any  part  of  it  as  well  as  the  centre.  For  this  purpose,  direct 
the  telescope  upon  a  small,  well-defined,  and  distant  object.  If, 
on  moving  the  telescope  in  altitude,  this  mark  is  perfectly  bi- 
sected by  the  central  wire  from  top  to  bottom,  the  wire  is  per- 
pendicular to  the  horizontal  axis.  If  not,  the  ring  or  tube  con- 
taining the  wires  must  be  turned  round  until  the  mark  is  bi- 
sected by  every  part  of  the  wire.  The  other  vertical  wires  are 
placed  by  the  maker  as  nearly  as  possible  equidistant  from  each 
other,  and  parallel  to  the  middle  one ;  therefore,  when  the  mid- 
dle one  is  adjusted,  the  others  are  also  adjusted.  The  trans- 
verse wires  are  also  placed  at  right  angles  to  the  vertical  mid- 
dle wire. 

Collimation. 

(61.)  The  optical  axis  of  a  lens  is  the  line  which  joins  the 
centres  of  the  spherical  surfaces  by  which  the  lens,  is  bounded. 
When  a  telescope  is  properly  constructed,  the  axes  of  the  object- 
glass  and  eye-glass  must  lie  in  the  straight  line  which  joins  the 
centres  of  the  object-glass  and  eye-glass.  This  straight  line  is 
called  the  optical  axis  of  the  telescope. 

The  principal  line  of  sight,  or  the  line  of  collimation,  is  de- 
termined by  the  direction  of  the  ray  of  light  which  passes 
through  the  centre  of  the  object-glass,  and  touches  the  middle 
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vertical  thread  midway  between  the  two  horizontal  threads.  In 
the  rotation  of  the  telescope  about  its  axis,  the  line  of  collima* 
tion  should  describe  a  plane  perpendicular  to  this  axis.  To  de- 
termine whether  such  is  actually  the  case,  direct  the  telescope 
to  some  small,  well-defined,  and  distant  object,  and  bisect  it  with 
the  middle  vertical  wire.  Then  lift  the  telescope  very  carefully 
fifom  its  supports,  and  replace  it  with  the  axis  reversed.  Point 
the  telescope  again  to  the  same  object,  and  if  it  be  still  bisected, 
the  collimation  adjustment  is  correct ;  if  not,  move  the  wires 
one  half  the  error  by  turning  the  small  screws  which  hold  the 
diaphragm,  near  the  eye  end  of  the  telescope.  But  as  half  the 
deviation  may  not  be  correctly  estimated  in  moving  the  wires, 
it  becomes  necessary  to  verify  the  adjustment  by  moving  the 
telescope  the  other  half,  which  is  done  by  turning  the  screw  F 
(see  figure,  page  40).  Having  again  bisected  the  object,  reverse 
the  axis  as  before,  and,  if  half  the  error  was  correctly  estimated, 
the  object  will  be  bisected  when  the  telescope  is  directed  to  it 
If  this  is  found  not  to  be  the  case,  half  the  remaining  error  must 
be  corrected  as  before,  and  these  operations  must  be  continued 
until  the  object  is  found  to  be  bisected  in  both  positions  of  the 
axis.     The  adjustment  will  then  be  complete. 

POSITION    IN   THE    MERIDIAN. 

(62.)  This  adjustment  is  efiected  with  the  assistance  of  a 
clock,  which,  for  convenience,  should  be  regulated  to  sidereal 
time,  so  that  the  time  of  each  star's  passing  the  meridian  will 
be  indicated  by  its  right  ascension. 

By  the  pole  star. 

(63.)  Direct  the  telescope  to  the  pole  star  at  the  instant  of 
its  crossing  the  meridian,  as  near  as  the  time  can  be  ascertained. 
The  transit  will  then  be  nearly  in  the  plane  of  the  meridian. 
Having  leveled  the  axis,  turn  the  telescope  to  a  star  about  to 
cross  the  meridian,  near  the  zenith.  Since  every  vertical  circle 
intersects  the  meridian  at  the  zenith,  a  zenith  star  will  cross  the 
field  of  the  telescope  at  the  same  time,  whether  the  plane  of  the 
transit  coincide  with  the  meridian  or  not  At  the  moment  the 
star  crosses  tlie  central  wire,  set  the  clock  to  its  right  ascension, 
as  given  by  the  catalogue,  and  the  clock  will  henceforth  indicate 
nearly  sidereal  time.     The  approximate  times  of  the  upper  and 
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lower  culmination  of  the  pole  star  are  then  known.  Observe 
the  pole  star  at  one  of  its  culminations,  foUowing  its  motion  un- 
til the  dock  indicates  its  right  ascension,  or  its  right  ascension 
plus  12  hours.  Move  the  whole  frame  of  the  transit,  So  that 
the  central  wire  shall  coincide  nearly  with  the  star,  and  com- 
plete the  adjustment  by  means  of  the  azimuth  screw.  The  cen- 
tral wire  will  now  coincide  almost  precisely  with  the  meridian 
of  the  place. 

(64.)  The  axis  being  supposed  perfectly  horizontal,  if  the  mid- 
dle wir^of  the  telescope  is  exactly  in  the  meridian,  it  will  bi- 
sect the  circle  which  the  pole  star  describes,  in  24  sidereal  houis, 
round  the  polar  point.  If,  then,  the  interval  between  ihe  upper 
and  lower  culminations  is  exactly  equal  to  the  interval  between 
the  lower  and  upper,  the  adjustment  is  complete.  But  if  the 
time  elapsed  while  the  star  is  traversing  the  eastern  semicircle 
is  greater  than  that  of  traversing  the  western,  the  plane  in 
which  the  telescope  moves  is  westward  of  the  true  meridian  on 
the  north  horizon ;  and  vice  versa,  if  the  western  interval  is 
greatest.  This  error  must  be  corrected  by  turning  the  screw  F 
(page  40).  The  adjustment  must  then  be  Verified  by  further 
observations,  until,  by  continued  approximations,  the  instrument 
is  fixed  correctly  in  the  meridian. 

By  a  pair  of  circumpolar  stars. 

(65.)  Take  two  well-known  circumpolar  stars,  the  nearer  the 
pole  the  better,  differing  about  twelve  hours  in  right  ascension, 
and  observe  one  above  and  the  other  below  the  pole.  Now  it  iA 
evident  that  any  deviation  of  the  instrument  from  the  meridian 
will  produce  contrary  effects  upon  the  observed  times  of  transit. 
Hence  the  time  which  elapses  between  the  two  observations 
will  differ  from  the  time  which  should  elapse  according  to  the 
catalogue,  by  the  sum  of  the  effects  of  the  deviation  upon  the 
two  stars.  The  stars  51  Gephei  and  6  UrssB  Minoris  are  well 
suited  to  this  purpose.  The  right  ascension  of  the  former  on  the 
1st  of  January,  1855,  was  6h.  31m.  26s. ;  of  the  latter,  18h.  18m. 
48s.  The  difference  between  the  times  at  which  one  should 
make  its  upper  and  the  other  its  lower  transit  is  12m.  38s.  If 
the  observed  interval  differs  from  this,  the  error  must  be  correct- 
ed by  the  azimuth  screw,  and  the  observations  repeated  until 
the  adjustment  is  perfect. 

D 


50  Practical   Astronomy. 

.    By  the  pole  star,  combined  with  any  star  distant  from  the 
pole. 

(66.)  If  the  transit  moves  in  the  plane  of  the  meridian,  the 
error  of  the  clock,  as  determined  hy  the  culmination  of  the  pole 
star,  will  be  exactly  the  same  as  from  any  other  star  situated, 
for  example,  near  the  equator.  But  if  the  transit  describes  a 
vertical  circle  which  differs  from  the  meridian,  the  pole  star  will 
be  longer  in  crossing  from  the  transit  plane  to  the  true  meridian 
than  ihe  equatorial  star.  If,  then,  the  two  stars  do  not  indicate 
the  same  clock  error,  the  azimuth  screw  must  be  moved  imtil 
the  adjustment  is  perfect. 

By  a  high  and  low  star. 

(67.)  This  method  may  be  practiced  in  situations  which  do 
not  permit  an  observation  of  the  pole  star.  Choose  two  stars 
differing  but  Uttle  in  right  ascension,  one  of  them  passing  the 
meridian  as  near  as  possible  to  the  zenith,  and  the  other  as  near 
as  convenient  to  the  south  horizon.  Make  the  axis  of  the  transit 
perfectly  horizontal,  so  that  the  transit  shall  describe  a  vertical 
circle.  This  circle  will  coincide  with  the  meridian  at  the  ze- 
nith, however  much  it  may  depart  from  it  at  the  horizon.  A 
star  near  the  zenith  will  pass  the  middle  wire  of  the  telescope  at 
about  the  same  time  as  if  the  transit  was  in  the  meridian ;  but 
this  will  not  be  the  case  with  a  star  near  the  south  horizon.  If 
the  low  star  passes  the  central  wire  too  early,  the  plane  of  the 
instrument  deviates  to  the  east ;  if  it  passes  too  late,  the  plane 
deviates  to  the  west.  In  either  case  the  error  must  be  corrected 
by  the  azimuth  screw,  until  stars  at  all  altitudes  indicate  the 
same  error  of  the  clock. 

MERmiAN    MARK. 

(68.)  When  the  transit  instrument  has  once  been  brought  to 
the  meridian,  a  mark  may  be  placed,  either  to  the  north  or  south, 
for  verification,  in  case  the  instrument  should  at  any  time  be 
disturbed.  It  should  be  placed  at  such  a  distance  as  not  to  be 
affected  by  parallax,  yet  not  too  far  to  be  seen  distinctly.  The 
observatory  at  Edinburgh  has  two  meridian  marks,  one  distant 
about  8000  feet,  and  the  other  18,000  feet  from  the  observatory. 
Each  is  formed  of  a  piece  of  copper,  having  an  aperture  of  the 
Bgure  of  an  isosceles  triangle,  the  base,  parallel  to  the  horizon, 
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subtending  an  angle  of  ^"  of  space,  and  the  height  being  double 
the  base.  Through  this  aperture  is  seen  a  piece  of  metal  paint- 
ed white. 

THE    CLOCK ITS    RATE    AND    ERROR. 

(69.)  A  clock  designed  to  be  used  for  astronomical  purposes 
should  be  of  the  best  workmanship.  The  pendulum  should  be 
compensated,  so  as  to  be  free  from  the  effects  of  heat  and  cold. 
The  two  forms  chiefly  used  for  astronomical  purposes  are. the 
mercurial  and  the  gridiron.  The  former  is  generally  used  in 
England,  the  latter  in  France  and  Germany. 

It  is  most  convenient  to  have  the  clock  regulated  to  sidereal 
time,  and  it  is  desirable  that  it  should  keep  exact  pace  with  the 
stars^  so  as  always  to  indicate  the  exact  right  ascension  of  the 
star  then  passing  the  meridian.  But  every  clock  has  both  an 
trror  and.  rate.  The  trror  of  the  clock  at  any  time  is  its  dif- 
ference from  true  sidereal  time.  The  rate  of  the  clock  is  the 
change  of  its  error  in  24  hours.  Thus,  on  the  8th  of  January, 
1851,  Aldebaran  was  observed  to  pass  the  meridian  of  Green- 
wich at  4L  26m.  52.02s.  The  true  right  ascension  of  the  star 
was  4h.  27m.  22.86s. ;  hence  the  clock  was  slow  30.84s.  Again, 
on  the  9th  of  January,  the  same  star  passed  the  meridian  at  4h. 
26m.  51.22s.,  and  the  clock  was  slow  31.64s.  Hence  the  clock 
lost  0.80s.  per  day.  In  other  words,  the  error  of  the  clock,  Jan- 
uary 9th,  was  —31.64s.,  and  its  daily  rate  —0.80s. 

(70.)  The  preceding  error  and  rate  do  not  necessarily  imply 
any  imperfection  of  the  clock.  The  error  and  rate  of  a  peiifeck 
clock  may  be  of  any  magnitude.  All  which  we  demaiHl  of  a 
clock  is  that  its  rate  be  uniform  from  day  to  day.  Still,  it  is 
convenient  in  practice  that  both  should  be  of  snaadl  amount. 
The  rate  of  the  clock  may  be  corrected  by  lowering  the  bob  of 
the  pendulum,  if  the  clock  runs  too  fast,  or  raising  it  when  the 
clock  runs  too  slow.  For  this  purpose,  the  bob  of  the  pendulum 
is  furnished  with  a  fine  adjusting  screw.  The  clock  may  be 
made  to  indicate  true  sidereal  time  by  i^etting  it  to  the  right 
ascension  of  any  known  star,  and  starting  the  pendulum  at  the 
moment  when  tlie  star  crosses  the  middle  transit  wire.  After 
the  rate  has  been  reduced  to  a  small  quantity,  it  is  better  to  let 
the  error  accumulate  than  to  stop  the  dock.    When  the  error 
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•jDonnti  to  ft  wlude  minote,  the  miniite-luuu)  may  be  moral 
ODO  divisum  without  disturbing  the  motion  of  the  pendolom. 
The  transit  olook  at  6reeuwic}i  Obserratory  generally  loses 
about  half  a  seoond  a  day,  and  when  this  error  amounts  to  an 
ontire  minut«  (whioh  faaf^iens  abont  every  Aree  monUis),  the 
idook  is  pat  forward  odb  minate. 

MKTHltD  OF    OBSERVING   AHD    RBGISTERINO    TRAHSFTS. 

(71.)  For  a  night  obaerration,  the  field  of  view  most  ha  ilia- 
miiiod  by  the  lamp  H  (see  fignre,  page  40),  90  that  the  wires 
mny  be  diatinotly  visiUe ;  and  the  telesct^  most  be  set  to  the 
p(0)wr  altitude  by  means  of  the  attached  circle.  This  circle  is 
•oiuetiniOB  designed  to  indicate  ehitudes  or  zenith  distances, 
and  anniotiines  declinations  or  polar  distances.  In  either  case, 
the  loro  of  tlio  circle  may  require  adjustment  If  the  circle  in- 
dleates  altituijeis  the  index  should  point  to  zero  when  the  bob- 
ble uf  tlie  ettaohed  level  stands  in  the  middle  of  the  tube.  If 
tha  oirolo  indicates  declinations,  the  index  should  point  to  zero 
when  thu  tolusoope  is  directed  toward  an  equatorial  star.  Since 
the  teloMOOiw  inverts  the  position  of  objects,  a  star  for  an  upper 
ouliiiinaticin  will  appear  to  enter  the  field  of  view  on  the  west 
sidii,  und  [mh»  out  on  the  east ;  but  for  a  lower  culininatitm,  it 
will  cross  the  field  &om  east  io 
west.  The  telescope  contains  five 
or  seven  vertical,  and  two  horizon- 
tal wires,  placed  a  short  distanoe 
.  from  each  other.  The  star  should 
bo  made  to  cross  the  field  between 
f  the  two  horizontal  wires,  in  cmler 
that  the  transits  may  always  bo 
observed  on  the  same  part  of  the 
vortical  wires.  It  is  the  business 
of  tho  observer  to  note  the  times 
of  the  star's  passage  over  the  several  wires  with  the  utmost  ao- 
ouraoy ;  and  as  it  wiU  seldom  happen  that  a  star  will  cross  a 
wire  at  the  exact  instant  of  the  beat  of  the  clock,  he  must  esti- 
mate tho  fraotioDB  of  a  SMond  as  well  as  he  is  able.  This  is 
done  by  oomparing  the  distance  of  the  star  fiom  the  wire  at  the 
beat  preceding  the  transit,  with  its  distance  on  tho  other  side  at 
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the  beat  saoceeding  the  transit  The  clock  should  be  so  placed, 
and  its  face  illumined,  that  the  observer^  seated  at  the  transiti 
can  readily  follow  the  seconds'  hand.  A  little  before  the  star 
is  expected  to  cross  the  first  wire,  the  observer  takes  a  second 
^m  the  clock — suppose  ds. — and,  listening  to  the  beats,  goes 
on  silently  counting  6,  7,  8,  9,  etc.,  while  his  eye  is  at  the  tel- 
escope following  the  motion  of  the  star.  If  the  star  crossed  the 
first  wire  between  the  beats  9  and  10,  and  if  the  star  appeared 
as  £Bir  beyond  the  wire  at  the  succeeding  beat  as  it  was  short  of 
it  at  the  preceding  beat,  the  time  of  the  transit  would  be  9.5s. ; 
but  if  the  distances  were  unequal,  it  would  be  9.3s.  or  9.7s.,  etc., 
accordmg  to  its  apparent  distance  from  the  wire.  Having  re^ 
corded  the  passage  over  the  first  wire,  the  same  observation 
must  be  made  at  each  of  the  other  wires,  and  a  mean  of  the 
whole  taken,  which  will  represent  the  time  of  the  star's  passage 
over  the  mean  or  meridional  wire.  Five  or  seven  wires  are  more 
valuable  than  a  single  one,  since  the  chances  are  that  an  error 
which  may  have  been  committed  at  one  wire  will  be  compen- 
sated by  an  opposite  error  at  another.  Thus  the  mean  result  of 
several  observations  is  deserving  of  more  confidence  than  a  sin- 
gle one.  The  following  is  an  observation  of  Arcturus,  made  at 
Greenvnch  Observatory,  November  13th,  1850 : 

First  wire,  14h.  7m.    7.7s. 


Second  wire, 

7 

21.3 

Third  wire, 

7 

34.9 

Fourth  wire, 

7 

48.6 

Fifth  wire, 

8 

2.1 

Sixth  wire. 

8 

16.7 

Seventh  wire. 

8 

29.4 

^  Mean,  14L  7m.  48.53s. 


It  will  be  perceived  that  the  observation  at  the  middle  wire 
differs  0.07s.  firom  the  mean  of  the  seven  wires.  If  the  obser- 
vations were  perfect,  and  the  wires  equidistant,  these  two  num- 
bers should  agree  exactly. 

EQUATORIAL    INTERVAL    OF    THE    ^VIRES. 

(72.)  By  comparing  the  transits  of  different  stars,  it  will  be 
seen  that  the  time  occupied  by  a  star  in  traversing  the  interval 
between  the  wires  is  different  on  different  points  of  the  merid- 
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ian ;  being  loast  at  the  equator,  and  increasing  with  the  distance 
firom  that  circle.  The  time  occupied  by  a  star  on  the  equator, 
in  passing  between  any  two  of  the  wires,  is  called  their  equato* 
rial  interval ;  and  when  this  interval  is  known,  the  interval  for 

any  parallel  of  declination  may  be  computed. 
Thus,  let  P  be  the  pole  of  the  heavens,  EQ  a 
portion  of  the  equator,  and  BD  a  portion  of  any 
parallel  of  declination;  PBE  and  PDQ  two 
meridians,  but  slightly  inclined  to  each  others 
^  A  star  at  B  moves  over  the  arc  BD  in  the  same 
time  that  one  at  E  moves  over  EQ.  But  we 
have 

Geom.,  B.  VI.,  Prop.  13,  Cor.  1, 

arc  EQ, :  arc  BD  : :  CQ, :  AD  : :  1 :  cos.  Dec. 
Therefore,  BD  =  EQ  cos.  Dec. 

Now  the  time  in  which  a  star  on  the  parallel  BD  would  move 
over  a  constant  space,  EQ,,  must  be,  to  the  time  in  which  an 
equatorial  star  moves  over  the  same,  inversely  as  their  rates  of 
motion,  or  as 

EQ  :  BD  : :  1 :  cos.  Dec. : :  sec.  Dec. :  1. 
(73.)  If,  then,  x  represent  the  equatorial  interval  of  the  wires, 
X  sec.  Dec.  will  be  the  interval  for  any  star.  The  equatorial  in- 
terval may  therefore  be  computed  from  observations  made  upon 
any  star  whose  declination  is  known,  by  multiplying  the  ob- 
served interval  by  the  cosine  of  the  star's  declination.  Thus,  in 
the  preceding  observation  of  Arcturus,  the  difference  between 
each  observation  and  the  mean  of  the  seven  wires  is  as  follows: 

Obwnred  Intenrala.  Equatorial  intenrala. 

First  wire,  40.83s.  38.376s. 

Second  wire,       27.23  25.594 

Third  wire,  13.63  12.811 

Fourth  wire,  0.07  0.066 

Fifth  wire,  13.57  12.755 

SUth  wire,  27.17  25.537 

Seventh  wire,      40.87  38.414 

And  if  we  multiply  these  numbers  by  .939908,  the  cosine  of 
the  star's  declination  (19°  57'  50"),  we  shall  obtain  the  equato- 
rial intervals,  as  given  in  the  last  column  above. 

(74.)  The  equatorial  interval  may,  however,  be  obtained  more 
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accurately  by  observations  of  a  star  near  the  pole — ^the  pole  star, 
for  example ;  but  in  this  case  a  slight  modification  of  the  pre- 
ceding rule  becomes  necessary,  for  the  pole  star  does  not  pass 
perpendicularly  from  wire  to  wire,  but  describes  a  considerable 
arc  of  the  small  circle  ABC. 
Now  AD  is  the  siAe  of  the 
arc  A6.  In  order,  there- 
fore, to  obtain  the  equato- 
rial intervals  from  the  pole 
star,  we  must  multiply  the 
sine  of  the  observed  interval  by  the  cosine  of  the  declination, 
and  we  shall  obtain  the  sine  of  the  equatorial  interval. 

The  following  observations  of  Polaris,  Dec.  88°  SV  27".0, 
were  made  at  Greenwich  Observatory,  April  26th,  1850 : 


win*. 

ObMrrMioiu. 

Obsenred  Intenrals.     |  Equatorial  Interrals.  | 

A 

B 

C 

D.  .  .  .  .  . 

E 

F 

G 

0  39  48.0 
48    3.0 
56  19.0 

1  4  32.0 
12  44.0 
20  57.0 
29  16.0 

m.          a. 

-24  43.29 
-16  28.29 
-  8  12.29 
+  0    0.71 
+  8  12.71 
+16  25.71 
+24  44.71 

-38.559 
-25.719 
12.820 
+  0.018 
+12.830 
+25.652 
+38.595 

Mean  .... 

1    4  31.29 

The  letters  in  column  first  are  used  to  distinguish  the  wires 
of  the  transit.  The  wires  at  Grreenwich  are  designated  by  the 
letters  of  the  alphabet  in  such  a  manner  that,  when  the  illu- 
mined end  of  the  axis  is  east,  the  order  of  the  wires  for  stars 
above  the  pole  is  A,  B,  C,  D,  E,  F,  Gr ;  but  when  the  illumined 
end  of  the  axis  is  west,  the  order  is  Gr,  F,  E,  D,  C,  B,  A. 
Column  third  shows  the  difference  between  each  observation 
and  the  mean  of  the  seven  wires.  Column  fourth  shows  the 
equatorial  interval  thence  deduced.  The  fourth  colunm  is  com- 
puted as  follows : 

24m/43.29s.=  6°  W  49''.35  sine =9.0320497 
COS.  Dec.  88°  30'  27''.0  =8.4157426 

38.659s.  =         9'  38."39  sine = 7.4477923 
and  in  the  same  manner  for  the  other  wires. 

It  will  be  perceived  that  the  middle  wire  differs  slightly  fit)m 
dlie  mean  of  the  seven  wires,  which  may  be  called  the  mean 
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wire.    It  is  customary,  at  Greenwich,  to  reduce  all 

to  the  standarid  of  the  mean  wire,  and  not  of  the  middle  wire. 

To  reduce  an  observation  token  all  the  wires  are  not  ob^ 
served. 

(75.)  It  may  happen,  through  inadvertence  or  unfavorable 
weather,  that  the  transits  over  only  a  pc^on  of  the  wirea  are 
observed ;  but  such  observations  may  be  reduced  by  means  of 
the  equatorial  intervals  already  determined.  According  to  the 
values  given  above,  if  we  add  38.559s.  to  the  time  of  transit  of 
an  equatorial  star  over  wire  A,  it  will  give  the  time  of  transit 
over  the  mean  wire ;  and,  in  the  same  manner,  the  observation 
of  an  equatorial  star  at  each  wire  may  be  reduced  to  the  mean, 
by  adding  or  subtracting,  as  the  case  may  be,  to  the  time  of 
observation,  the  equatorial  interval  between  that  wire  and  the 
mean  wire.  For  a  star  out  of  the  equator,  these  intervals  must 
each  be  multiplied  by  the  secant  of  the  star's  declination.  Or 
the  following  rule  is  more  convenient  in  practice,  and  evidently 
gives  the  same  result : 

Add  together  the  equatorial  numbers  from  the  table  on  page 
55  for  the  wires  observed^  regard  being  had  to  their  signs  ; 
divide  by  the  number  of  wires,  and  multiply  by  the  secant  of 
the  starts  declination.  The  product  will  be  the  correction  to 
be  applied  to  the  mean  of  the  wires  observed. 

The  corrections  to  transits  of  an  equatorial  star  over  wires  A, 
B,  C,  D,  E,  F,  G,  for  1851,  at  Greenwich,  were  +  41.443s.; 
+27.646S.;  +13.816s.;  -0.002s.;  -13.811s.;  -27.654s.; 
—41.4388. ;  and  these  are  the  intervals  to  be  used  in  reducing 
the  subsequent  observations. 

Ex.  1.  The  following  observations  of  Capella  were  made  at 
Greenvrich,  January  27th,  1851 : 

•*■ 5h.  4m.     — 

B 20.2s. 

C 40.2 

D 59.8 

E 5      19.7 

F 39.6 

G 59.4 

Mean  of  wires  observed,  5h.  5m.    9.8e. 
The  sum  of  the  equatorial  numbers  for  wires  B,  C,  D,  E,  F, 
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Q  is  —41.4438.,  which,  divided  by  6,  gives  —  6.907s.,  and,  multi- 
plied by  the  secant  of  the  declination,  45°  50'  26",  gives  -  9.91s. ; 
which,  bein^  iq;qpUed  to  the  above  mean,  gives  5h.  4m.  59.89s. 
as  the  time  of  transit  over  the  mean  of  the  seven  wires. 

Ex,  2,  The  following  observations  of  Sirius  were  made  at 
Grreenwioh,  February  13th,  1851 : 

A 6h.37m.     — 

B — 

C — 

D 43.7s. 

E 58.2 

F 38      12.6 

G 26.9 

Mean  of  virires  observed,  6h.  38m.  5.35s. 
The  sum  of  the  equatorial  numbers  for  wires  D,  E,  F,  G-  is 
—82.9058.,  which,  divided  by  4,  gives  —20.726s.,  and,  multi- 
plied by  the  secant  of  the  star's  declination,  16°  31^  12^^,  gives 
—21.62s. ;  which,  applied  to  the  above  mean,  gives  for  the  time 
of  transit  over  the  mean  wire,  6h.  37m.  43.73s. 

Ex.  3.  The  followmg  observations  of  Spica,  Dec.  10°  22'  56", 
were  made  at  Greenwich,  February  21st,  1851 : 

A 13h.  15m.    — 

B — 

C 16       9.1s. 

D 23.1 

E 37.0 

F 51.1 

G 17       5.0 

Required  the  time  of  transit  over  the  mean  wire. 

Ans.  13h.  16m.  23.01s. 
(76.)  In  the  case  of  a  star  near  the  pole,  we  must  multiply 
the  sine  of  the  equatorial  interval  by  the  secant  of  the  star's  dec- 
lination, and  we  shall  obtain  the  sine  of  the  reduction  to  the 
mean  wire  according  to  Art.  74. 

Example.  The  following  observations  of  Polaris,  at  its  upper 
culmination,  were  made  at  Greenwich,  May  30th,  1851 : 

A Oh.  38m.    — 

B     .     , 47        — 

C 66        7.0s. 
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D Ih.   4ro.  59.0s. 

E 13      53.0 

F 22      47.0 

G  . 31      40.0 

To  determine  the  time  of  transit  over  the  mean  of  the  seven 
wires,  the  decUnation  of  Polaris  being  88°  30'  38".4. 
The  reduction  for  each  wire  is  computed  as  follows : 

wire  C.  Wire  D. 

sine  13.816s.  =  7.0020484  log.  0.002.S = 7.301 

sec.  Dec.  =  1.5851796  sec.  Dec.  =  1.685 

sine  8m.  51.70s. =8.5872280  log.  0.08s.=8:886 

wire  E.  Wire  P. 

sine  13.811s. = 7.0018912  sine  27.654s. = 7.3034239 

sec.  Dec.  =  l^j796  sec.  Dec.  =  1.5851796 

sine  8m.  51.51s. =8:5870708    sine  17m.  45.05s. =8.8886035 

WireG. 

sine  41.438s. =7.4790643 

sec.  Dec.  =  1.5851796 

sine  26m.  37.92s. =9.0642439 

The  sum  of  these  corrections  is  —44m.  22.86s.,  which,  divided 
by  5,  gives  —8m.  52.57s.,  which  is  the  correction  to  be  appUed 
to  the  mean  of  the  wires  observed  to  obtain  the  mean  of  the  sev- 
en wires.  The  mean  of  the  wires  observed  is  Ih.  13m.  53.2s. 
Hence  the  concluded  transit  over  the  mean  of  the  seven  wires 
is  Ih.  5m.  0.63s.  As  the  time  required  for  the  pole  star  to  pass 
from  one  wire  to  another  is  nearly  the  same  for  every  day  of  the 
year,  and  only  varies  in  consequence  of  a  small  change  in  the 
star's  declination,  it  is  customary,  in  regular  observatories,  to 
compute  the  intervals  for  an  assumed  value  of  the  declination, 
and  the  variation  caused  by  a  change  of  one  second  in  the  dec* 
lination.     All  the  reductions  are  then  made  with  great  facility. 

(77.)  In  observing  the  sun,  the  times  of  passage  of  both  tho 
first  and  second  limbs  over  the  wires  are  observed  and  set  down 
as  distinct  observations,  the  mean  of  which  gives  the  time  of 
passage  of  the  centre  across  the  meridian.  The  wires  of  the  in* 
strument  are  generally  placed  by  the  maker  at  such  a  distance 
from  each  other  that  the  first  limb  of  the  sun  shall  have  passed 
all  of  them  before  the  second  limb  arrives  at  the  first  wire. 

If  only  one  Umb  is  observed,  the  passage  of  the  centre  may 
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be  inferred  by  adding  or  subtracting  the  sidereal  time  of  semi- 
diameter  passing  the  meridian,  as  given  on  page  first  of  each 
month  in  the  Nautical  Almanac. 

Only  one  limb  of  the  moon  can  be  observed,  except  when  her 
transit  happens  to  be  within  an  hour  or  two  of  her  opposition ; 
and,  in  observing  the  larger  planets,  the  first  and  second  limbs 
may  be  observed  alternately  over  the  seven  wires.  If  only  one 
limb  of  a  planet  is  observed,  the  ephemeris  must  be  consulted 
for  the  time  of  passage  of  its  semidiameter. 

(78.)  In  correcting  imperfect  transits  of  the  sun  and  planets, 
the  value  of  the  intervals  found,  as  for  a  star  of  the  same  decli* 
nation,  must  be  increased  by  a  small  quantity.  For  if  a  fixed 
star  and  the  sun's  first  limb  were  together  at  the  first  wire,  the 
sun  would  be  behind  the  star  when  it  passed  the  second  wire, 
on  account  of  the  sun's  apparent  motion  among  the  stars.  For 
the  sun  or  a  planet,  therefore,  the  interval  found  for  a  star  must 
be  multiplied  by  the  factor 

3600+1 
3600  ' 
where  I  represents  the  hourly  increase  of  right  ascension  in 
seconds  of  time  taken  from  the  Nautical  Almanac. 

Example.  The  following  observations  of  the  sun's  second 
limb  were  made  at  Greenwich,  February  22d,  1851 : 

A 22h.  20m.    — 

B — 

C ^  54.5s. 

D 21        8.8 

E 22.9 

F 36.8 

G 51.0 

Mean  of  wires  observed,  22h.  21m.  22.8s. 
The  sum  of  the  equatorial  numbers  for  wires  C,  D,  E,  F,  G 
is  —69.089s.,  which,  divided  by  5,  gives  —13.82s.,  and,  multi- 
plied by  the  secant  of  the  sim's  declination,  10°  IT  AV^^  gives 
—  14.04s.,  which  is  the  correction  for  a  star  of  the  same  decli- 
nation. The  sun's  hourly  increase  of  right  ascension,  Febru- 
ary  22d,  according  to  the  Nautical  Almanac,  was  9.52s.    Hence 

3600  :  3609.52  : :  14.04  :  14.08, 
which  is  the  correction  to  the  mean  of  the  wires  observed. 
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Henoe  the  concluded  transit  over  the  mean  of  the  seven, 

wires  is 

22h.  21m.  8.728. 

In  order  to  facilitate  these  redactions,  it  is  convenient  to  have 

3600+1 
a  table  showing  the  logarithm  of  the  factor     ggQQ    ^^^  every 

value  of  I  from  Is.  up  to  30s. 

(79;)  The  reduction  of  an  imperfect  transit  of  the  moon's 
limb  requires  a  peculiar  method,  on  account  of  the  moon's  prox- 
imity  to  the  earth. 

X  jn      ^®*  ^  represent  the  centre  of  the 

earth,  A  any  place  on  the  earih's  sur- 
face,  and  M  the  centre  of  the  moon ; 
then,  since  the  angular  value  of  any 
small  line  at  different  distances  is  in- 
versely  as  those  distances,  the  angular 
value  of  the  moon's  hourly  motion  in 
its  orbit  from  a  place,  A,  is  to  the  an- 
gular  value  of  the  same  from  C  as  CM 
to  AM.  But  CM  is  to  AM  as  the  sine 
of  CAM,  or  sine  of  ZAM,  is  to  the  sine 
of  ZCM  ;  that  is,  as  the  sine  of  the  apparent  zenith  distance  of 
the  moon  is  to  the  sine  of  the  geocentric  zenith  distance.  In 
order,  therefore j  to  reduce  an  observation  at  any  wire  to  the 
mean  of  the  wires,  the  interval  found  for  the  sun  or  a  planet 
must  be  multipUed  by  the  factor, 

sine  of  moon's  geocentric  Z .  D  ^ 
sine  of  moon's  apparent  Z .  D  ' 
or  the  entire  factor  for  the  moon  will  be 

3600 +1    sine  of  moon's  geocentric  Z .  D  ^    - 

"ocrih""  ^  ~: r ^ T-rr— tT  X  secant  of  moon's  ge- 

3600         sme  of  moon's  apparent  Z .  D  ^ 

ocentrio  declination, 

where  I  is  the  hourly  increase  of  the  moon's  right  ascension  in 

seconds  of  time. 

Example.  The  following  observations  of  the  moon's  second 

limb  were  made  at  Greenwich,  February  21st,  18dl : 


Tab  Tbaicsit  Instbumbnt.  §1 

A 15L^S4cm.      — 

B    .    .    .    .   \    .    .  — . 

C 35  9.5s. 

D 24.0 

E 38.7 

F 63.2 

G 36  8.0 

Mean  of  wires  observed,  15h.,  35m.,  38.68s. 
The  sam  of  the  equatorial  numbers  for  the  wires  observed, 
divided  by  5,  gives  —13.8178s. 

The  moon's  deolinatiou  =  14°  13^  12^^  S. 

Moon's  geocentric  zenith  distance =65   41  50 
Moon's  apparent  zenith  distance    =66   34  10 
Moon's  hourly  increase  of  R.  A.    =  135.24s. 
The  correction  to  the  mean  of  the  wires  observed  is  then  com* 
puted  as  follows : 

13.8178s.  =  1.14044 

3600 + 1 = 3735.24s. = 3.57232 

3600  comp.= 6.44370 

sin.  65°  41'  50" =9.95970 

cosec.  66   34  10   =0.03737 

sec.  14    13  12   =0.01351 

14.69s.  =  1.16704 

Subtracting  14.69s.  from  the  mean  of  the  wires  observed,  we 

obtain  the  time  of  transit  over  the  m^an  of  the  seven  wires, 

15h.  35m.  23.99s. 
(80.)  We  have  hitherto  supposed  the  transit  instrument  to 
be  perfectly  adjusted — ^that  there  is  no  error  of  coUimation — 
that  the  axis  is  perfectly  horizontal — and  that  the  middle  wire 
of  the  transit  describes  tiie  plane  of  the  meridian.  In  practice, 
these  adjustments  can  never  be  perfectly  made ;  but  we  make 
the  adjustments  as  complete  as  we  are  able.  We  then  com- 
pute the  amount  of  each  error,  and  apply  a  correction  to  the  ob^ 
servations. 

Problem. 

To  determine  the  inclination  of  the  axis  of  the  transit. 
The  spirit-level  which  rests  oa  the  pivots  of  the  axis  determ- 
ines the  inclination  of  the  axis-    Above  the  glass  tube,  and  par- 
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allel  to  its  length,  is  placed  a  fine  gradnated  scale,  which  indi- 
cates  any  deviation  from  horizontalify  by  the  air*bnbble  reoed- 
ing  from  the  centre  toward  that  pivot  which  is  the  highest ;  bat 
as  the  legs  of  the  level  may  not  be  of  exactly  eqnal  length,  it  is 
necessary  to  reverse  the  level  on  the  axis,  and  read  the  scale  at 
each  extremity  of  the  air-bubble  in  both  its  positions ;  that  is, 
with  the  same  end  of  the  level  on  both  the  east  and  west  pivots 
alternately.  Half  the  difference  of  the  means  of  the  two  read- 
ings will  be  the  amount  of  deviation.  It  is  customary  to  make 
several  observations  in  each  position  of  the  level,  in  order  to  di- 
minish the  effect  of  incidental  errors.  The  following  exannplft 
will  illustrate  this  method : 


Readings  of  the  Scale. 

Eaamd. 

WcMead. 

32.3 

30.0 

32.4 

30.0 

32.4 

30.0 

LCTtl  ICVCfBOd. 

32.6 

29.6 

32.6 

29.5 

32.5 

29.6 

194.8 

sums 

178.7 

32.47 

means 

29.78 

Dili 

erence. 

2.69. 

Half  the  difference  is  1.34 ;  and,  since  the  value  of  one 
ion  of  the  level  is  1^^.25,  the  east  end  of  the  axis  is  too  hi^  by 
1''.67,  for  the  mean  of  the  eastern  readings  is  greater  than  thfi 
mean  of  the  western.  This  quantity,  divided  by  15,  will  give 
the  inclination  expressed  in  seconds  of  time. 

(81.)  Having  determined  the  inclination  of  the  axis,  the 
reotion  to  be  appHed  to  the  time  of  observation  of  any  star 
be  computed  by  the  following  method : 

Problem. 

To  compute  the  correction  to  the  time  of  transit  for  inclina^ 
tion  of  the  axis. 

Let  P  represent  the  pole  of  the  earth,  Z  the  zenith,  N  and  S  the 
north  and  south  points  of  the  horisoo.     Suppoesc  the  transit  teU 
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esoope  is  in  the  meridian,  at  the 
north  and  south  points  of  the 
horizon,  N  and  S,  but  the  axis 
is  inclined  to  the  horizon  by  a 
small  angle ;  the  telescope,  in- 
stead of  describing  the  merid-  ^y 
ian,  NZS,  will  describe  an  ob- 
lique circle,  N  AS ;  and  the  star, 
A,  when  it  passes  through  the 
tdescope,  will  be  distant  firom 
Uie  meridian  by  the  angle  APS. 
Now,  in  the  triangle,  APS,  we 
have  sin.  PA :  sin.  S  : :  sin.  SA 


:  sin.  P ; 


or,  putting  b  to  represent  the  angle  S,  and  Z  the  zenith  dis- 
tance of  the  star  {b  being  supposed  to  be  a  small  angle). 


COS.  Dec. :  6  : :  cos.  Z  :  P  = 


b  COS.  Z 
COS.  Dec' 


which  must  be  subtracted  from  the  observed  time  of  passage  to 
have  the  true  time,  when  the  telescope  is  inclined  to  the  west. 
When  the  eastern  pivot  is  too  high,  the  level  error  is  considered 
negative ;  when  the  western  pivot  is  too  high,  the  level  error  is 
positive. 

(82.)  The  expression  for  the  zenith  distance  of  a .  star,  in 
terms  of  it§  declination  and  of  the  latitude  of  the  place,  will 
vary  according  as  the  observations  are  made  to  the  south  of  the 
zenith  or  to  the  north  of  the  zenith ;  and,  in  the  latter  case, 
according  as  the  observations  are  made  above  or  below  the  pole. 
These  several  values  will  be  as  follow,  representing  the  latitude 
by  ^,  and  the  declination  by  6  (see  page  139) : 

Z=^— <J    -     .     if  the  observations  be  made  to  the  south ; 
Z=(J— 0    .     -     if  to  the  north,  above  the  pole ; 
Z=180^-(^+<J)  if  to  the  north,  below  the  pole. 

Example.  Castor  was  observed  to  pass  the  meridian  of  Green- 
wich, Fehroary  22d,  1851,  at  7h,  24m.  6.52s.,  its  declination 
being  32°  12'  32"  N.,  and  the  error  of  level  -3".92;  required 
the  corrected  time  of  transit. 

The  latitude  of  Greenwich  is  51°  28'  39" ;  therefore  Z=19° 
16'  7". 
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6= -3^92=0^618.  log.=9.4166 

COS.  Z=9.974e 
sec.  Deo. =0.0726 
-0.29b.=9.4641 
Therefore,  the  time  of  transit,  corrected  for  error  of  level,  iB 

7h.  24m.  6.23s. 

Problem. 

• 

(83.)  To  determine  the  error  of  coUimatiom. 

This  error  may  be  determined  by  a  micrometer  attached  to 
the  eye  end  of  the  telescope,  by  which,  when  the  teleeoope  k 
directed  toward  any  distant  object,  the  angular  distance  of  that 
object  from  the  central  wire  is  measured.  The  instmment  is 
then  reversed,  and  the  distance  of  the  same  object  from  the  oen- 
tral  wire  again  measured.  Half  the  difference  of  these  meas- 
ures is  the  error  of  coUimation  for  the  middle  wire. 

(84.)  At  many  observatories  the  error  of  oollimation  is  determ- 
ined, not  by  observations  of  a  distant  mark,  but  by  means  of  a 
small  transit  instrument,  mounted  at  a  short  distance  bom  the 
large  transit,  and  in  the  same  meridian,  and  having  in  its  focus 
a  cross  in  the  form  of  an  acute  X.  A  reflector  is  attached,  for 
the  purpose  of  throwing  the  light  of  the  sky  upon  the  wires,  and, 
when  the  telescopes  are  pointed  toward  each  other,  the  cross  in 
the  small  transit  is  dbtinctly  seen  by  looking  through  the  laige 
telescope.  The  following  are  the  results  of  a  set  of  observations 
at  Greenwich :  When  the  illuminated  end  of  the  axis  was  east, 
and  the  micrometer  was  made  to  coincide  with  the  cross,  the 
reading  was  10.888r. ;  when  the  axis  was  reversed,  the  reading 
was  9.461r. ;  hence  the  reading  of  the  micrometer  for  the  true 
line  of  oollimation  was  10.174r.  When  the  micrometer  was 
made  to  coincide  with  the  middle  wire,  the  reading  was  10.191r. ; 
hence  the  error  of  oollimation  for  the  middle  wire  was  0.017 
revolutions  of  the  screw,  which  is  equal  to  (y'2S  in  seconds  of 
arc.  Correcting  this  for  the  distance  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  of  coUimation 
for  the  mean  of  the  seven  wires. 

(85.)  This  error  may  also  be  determined  by  observing  the 
transit  of  Polaris,  or  any  other  close  ciroumpolar  star,  over  Ihe 
first  three  wires ;  and  then,  reversing  the  axis,  observing  the 
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same  intervals  in  a  reversed  order.  The  wires  which  were  the 
first  three  in  the  former  position,  will  now  be  the  last  three. 
Let  each  of  the  observations  be  reduced  to  the  mean  wire,  ac- 
cording to  Art.  76 ;  then,  if  there  were  no  error  of  collimation, 
the  mean  of  the  observations  in  the  first  position  of  the  tele- 
scope on^t  to  be  the  same  as  the  mean  in  the  reversed  posi- 
tion. But  if  the  two  results  difier  firom  each  other,  it  must  be 
owing  to  error  of  collimation. 

(86.)  Suppose  the  telescope  does  not  move  in  the  meridian, 
NS,  but  in  a  small  circle,  AB,  par- 
allel to  the  meridian,  and  every 
where  a  certain  number  of  seconds 
(c)  east  of  it.  Let  P  be  the  pole, 
and  C  the  place  of  the  star.  Draw 
CD  perpendicular  to  NS.  Then, 
when  the  star  passes  the  telescope, 
its  angular  distance  fix)m  the  me- 
ridian will  be  CPD.  Now,  in  the 
triangle  CPD,  we  have 

Trig.,  Art.  211, 

R.  sin.  CD=sm.  PC  sm.  CPS. 

CD  c 


Whence 


CPS= 


(1) 
(2) 


sin.  PC  ""cos.  Dec. 

and  c=CPS  cos.  Dec 

The  following  example  will  show  the  application  of  this  meth- 
od. At  Edinburgh  Observatory  the  transit  of  Polaris  was  ob- 
served over  two  wires ;  the  instrument  was  then  reversed,  and 
the  transt  observed  over  the  same  wires,  as  follows : 


TiniM  obaerved. 


Reduaion. 


Times  redacsed. 


WireL 
Wire  II. 


A.     tn.        9. 

0  44  33.5 
0  52  46.0 


m. 


h.  fit. 


9. 


Imrtnuneiit  rerened. 

Wire  II.    .  .  1     8  56.0 
Wire  I.  ...  1  17    8.5 


+  16  23.59 

+  8  12.28 

-  8  12.28 

-16  23.59 


1  0  57.09 
1  0  58.28 


57.68s. 


1  0  43 
1  0  44 


M !  ^•^^'- 


Column  second  shows  the  computed  reduction  to  the  mean 
wire,  according  to  Art.  76.  Column  third  shows  the  times  of 
transit  reduced  to  the  mean  wire.  The  difference  between  the 
mean  of  the  first  two  observations  and  the  last  two  is  13.37s. ; 
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half  of  which,  being  6.686s.,  represents  the  angle  CPS,  which, 
multiplied  by  the  cosine  of  the  star's  declination,  gives  the  error 
of  collimation,  0.181s.,  expressed  in  seconds  of  time,  which  is 
minus  for  the  first  position  of  the  instrument,  and  plus  for  the 
second  position. 

(87.)  There  is  another  method  of  determining  the  error  of 
collimation,  which  is  exceedingly  convenient  and  accurate.  It 
consists  in  pointing  the  telescope  vertically  downward  toward  a 
vessel  of  mercury,  and  observing  the  spider  lines  of  the  telescope 

as  reflected  from  the  surface  of  the 
mercury,  a  strong  illumination  be- 
ing thrown  upon  the  system  of  wires 
by  a  lateral  lamp.  The  rays  di- 
verging  from  the  wires  at  A  issue 
in  parallel  lines  from  the  object- 
glass,  fietll  upon  the  mercury,  Hy 
and  are  thence  reflected  back  in 
parallel  lines  to  the  object-glass, 
which  is  enabled  to  collect  them 
again  in  its  focus.  Thus  is  formed 
a  reflected  image  of  the  system  of 
spider  lines ;  and  if  the  axis  is  per- 
fectly horizontal,  and  there  is  no 
error  of  collimation,  the  reflected 
system  ought  to  coincide  exactly 
with  the  real  system,  as  seen  in  the  eye-piece  of  the  instrument. 
If,  however,  when  the  axis  has  been  leveled,  the  two  systems  of 
linos  do  not  coincide,  the  diflerence  is  twice  the  error  of  collima- 
tion, and  may  be  measured  by  the  micrometer. 

(88.)  The  preceding  observation  requires  a  peculiar  eye-piece, 

called  the  coUimating 
eye -piece,  first  sug- 
gested by  Bohnenber- 
ger  in  1825.  The  ool- 
limating  eye-piece  con- 
sists of  an  ordinary 
positive  eye-piece,with 
an  aperture,  A,  cut  in 
its  side,  and  a  plane 
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perforated  speculum,  BB,  inserted  between  the  two  lenses,  at 
an  angle  of  45^  with  the  optical  axis  of  the  telescope,  as  repre- 
sented in  the  preceding  figure.  A  lamp  being  held  so  as  to 
throw  a  strong  Ught  upon  the  speculum,  the  reflected  images 
of  the  wires  may  be  seen  with  great  distinctness.  Instead  of  a 
perforated  opaque  speculum,  a  piece  of  plane  glass,  with  parallel 
faces,  without  any  perforation,  is  sometimes  used.  The  observer 
looks  through  the  plane  glass  without  difficulty,  while  sufficient 
light  is  reflected  from  the  lower  surface  to  render  the  lines  visible. 

(89.)  If  the  axis  of  the  telescope  be  not  horizontal,  half  the 
distance  between  the  middle  wire  and  its  image,  corrected  for 
error  of  level,  will  give  the  error  of  collimation  of  the  middle 
wire.  Correcting  this  for  the  distance  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  of  coUimation 
finr  the  mean  of  the  seven  wires. 

(90.)  By  reversing  the  axis  of  the  transit  upon  its  supports, 
we  may  obtain  the  error  of  level,  as  well  as  of  collimation,  by 
means  of  the  micrometer.  If  the  errors  of  collimation  and  in- 
clination of  the  axis  are  both  in  the  same  direction,  the  devia- 
tion of  the  middle  wire  from  its  reflected  image  will  represent 
twice  the  sum  of  the  errors  of  coUimation  and  level ;  but  if  the 
axis  be  reversed,  the  deviation  will  be  twice  the  difference  of 
these  quantities.  Knowing  the  sum  and  difference  of  these 
quantities,  their  values  are  readily  determined. 

Problem. 

(91.)  To  determine  the  correction  to  the  time  of  transit  for 
error  of  collimation. 

This  correction  is  readily  computed  by  equation  (1),  Art.  86. 
We  have  only  to  multiply  the  error  of  coUimation  by  the  secant 
of  the  declination  of  the  star. 

Ex.  The  transit  of  Castor,  Dec.  32°  12'  32''  N.,  was  observed 
at  Greenwich,  February  22d,  1851,  at  7k  24m.  6.52s.,  the  er- 
ror of  collimation  being  —  0".93;  required  the  corrected  time 
of  transit 

-0".93=0.062s.  log.=8.792 

sec.  Dec. =0.073 
-0.07s. =8.865 
Therefore,  the  corrected  time  of  transit  is  7h.  24m.  6.45s. 
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Problem. 

(92.)  To  determine  the  deviation  of  the  transit  instrument 
from  the  meridian. 

First  Method. — By  the  pole  star^  or  any  close  drcumpolar 
star. 

If  the  transit  telescope  revolves  on  a  horizontal  axis  in  the 
plane  of  the  meridian,  the  intervals  of  time  between  two  suc- 
cessive passages  of  the  pole  star  over  the  central 
wire  must  be  exactly  12  hours.  If  this  interval  dif- 
fers  from  12  hours,  then  the  instrument  deviates 
from  the  true  meridian,  and  the  amount  of  devia- 
tion, as  measured  on  the  horizon,  may  be  computed 
as  follows : 

Let  ZPN  be  a  meridian,  and  ZAM.  the  vertical 
circle  described  by  the  telescope;  let  ABDC  be 
the  small  circle  described  by  tiie  star  about  the 
pole,  P.  This  star  will  be  observed  with  the  tran- 
sit telescope  at  the  points  A  and  B  instead  of  C 
and  D. 

Let  ^=the  latitude  of  the  place ; 
p=iiie  polar  distance  of  the  star ; 
a=the  angle  HZN=the  deviation  of  the  telescope  from 

the  meridian ; 
A=the  interval  between  two  successive  transits,  minus 

12  hours. 

In  lh3  triangle  APZ,  we  have 

sin.  PA :  sin.  ZA : :  sin.  AZP :  sin.  APZ ; 
or,  since  small  angles  are  nearly  proportional  to  their  sines, 

sin.  p :  cos.  U+p) : :  a :  APZ=^^'^»+^^ 

__a(co6.  if>  cos.p— sin.  ^  sin.p) 

""  sin.  p 

=a  COS.  ^  cot  p—a  sin.  ^. 

(See  Trig.,  Art,  72) 
Also,  in  the  triangle  BPZ,  we  have 

sin.  BP;8in.  BZ:;8in.  BZP-.sin.  BPZ, 
or 
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sin.  p :  COS.  (^— p) : :  a :  BPN= ;  \9—P) 

sin.p 

__a  (oos.  ^  COS.  p+sin.  ^  sin,  p) 

sin. /I 

=a  COS.  0  cot.  j9+a  sin.  ^. 

Therefore,  A=APC+BPD    =:2a  cos.  ^  cot.  p, 

and  «=s 1 — =K  sec.  ^  cot.  Deo. ; 

2  006.  ^  cot.  p     2         ^ 

that  is,  the  azimuthal  deviation  of  the  transit  is  equal  to  half 
the  difference  between  ike  observed  interval  and  12  hoars,  in 
seconds,  multiplied  by  the  secant  of  the  latitude  and  the  co- 
tangent of  the  star's  declination. 

Ex.  1.  January  6th,  1850,  the  transit  of  Polaris,  Dec.  88*^ 
3fy  5(y%  was  observed,  sub  polo,  at  Grreenwich,  at  13h.  4m. 
39.4Qs. ;  and  January  7th,  at  Ih.  4m.  57.62s. ;  the  observations 
being  corrected  for  coUimation,  level,  rate  of  clock,  and  change 
of  right  ascension.     Required  the  azimuthal  error. 

^= 9.11s. =136^^65  log.=2.1356 

cot.  88°  3(K  50^^=8.4140 

sec.  ^=0.2056 

a= +5^^69=0.7552 

Since  the  time  elapsed  in  traversing  the  eastern  semicircle  is 
more  than  12  hours,  the  plane  of  the  telescope  falls  to  the  west 
of  the  true  meridian  on  the  north  horizon. 

Ex.  2.  April  23d,  1850,  the  transit  of  Polaris,  Dec.  88°  30^ 
27''^,  was  observed  at  Greenwich  at  Ih.  3m.  34.99s. ;  and  April 
24th,  sub  polo,  at  13h.  3m.  22.55s.  Required  the  azimuthal 
error.  Ans.  +3'^90 

The  factor  sec.  ^  cot.  Dec.  is  sensibly  constant  for  Polaris  at 
each  observatory,  through  an  entire  year  or  more ;  hence  it  is 
well  to  prepare  this  factor  once  for  all.  At  Greenwich,  in  1850, 
the  rule  was  to  divide  A,  in  seconds  of  time,  by  3.206,  to  obtain 
the  azimuthal  deviation  in  seconds  of  space.  Thus,  in  Ex.  1, 
18.22s.,  divided  by  3.206,  gives  5"'. 69= a. 

(93.)  Second  Method.-^By  two  stars  differing  consider- 
ably  in  declination. 

If  we  take  the  difference  between  the  observed  passages  ef 
two  stars  over  the  meridi^,  and  also  the  difference  of  their  conir 
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27  Y  pated  right  asoensions,  and  we  find 

these  difleiences  to  be  precisely 
equal,  the  instrument  will  be  ex- 
actly in  the  meridian ;  if  they  are 
not  equal,  this  inequaUty  shows  a 
deviation  from  the  meridian. 

Let  NZS  be  a  meridian,  VZV' 
the  vertical  circle  described  by  the 
telescope,  P  the  pole,  Z  the  zenith, 
and  A  and  B  two  stars  observed  by 
the  transit  telescope. 
Let  0 = the  latitude  of  the  place ; 

d  and  J^=the  declinations  of  the  two  stars ; 

A=the  difference  of  the  observed  times,  minus  the 

difference  of  right  ascensions ; 
a=:the  azimuthal  deviation  of  the  transit. 
Li  the  triangle  ZPA,  we  have 

sin.  PA :  sin.  ZA : :  sin.  PZA( =sin  AZS) :  sin.  ZPA, 

or      COS.  d:sin.  Z::a:ZPA= V- (1) 

cos.  o 

__a  sin.  (^— <J) 

COS.  6 

__a(8in.  0  COS.  <J— cos.  ^  sin.  6) 

COS.  d 

=  a(8in.  0— COS.  ^  tang.  6). 

In  the  same  manner,  we  find 

ZPB=a(sin.  0— cos.  ^  tang.  d^). 

Therefore,     APB=a  cos.  ^(tang.  <J— tang.  <5^), 

APB 

or  a= ; — r. 

COS.  ^(tang.  d— tang,  o  ) 
But,  by  Trig.,  Art.  76, 

tang.  A-tang.  B=  *"^'\  ""    '  . 

COS.  A  COS.  B 


Hence 


a  = 


A  COS.  d  COS.  6^ 


COS.  0  sin.  (d'— d)* 
The  sign  of  A  is  determined  from  the  equation 

A=(T*-T)-(R--R), 
where  T*  and  R*  represent  the  observed  time  and  right  ascen- 
sion of  the  most  northern  star. 
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Example,  Aug.  18, 1850,  the  transit  of  0  Ceti  (Dec.  8°  5T  S.) 
was  observed  at  Greenwich  at  Ih.  16m.  0.95s.,  and  that  of  Po- 
laris (Deo.  88°  30^  N.)  at  Ih.  5m.  17.63s.,  the  difference  of  the 
tabular  right  ascensions  of  the  stars  being  10m.  40.39s.  Re- 
quired the  azimuthal  error. 

The  difference  between  the  observed  passages  is  10m.  43.32s. ; 
hence  A=  —2.93s. 

2.93s. =43^^95  log.  =1.6430 

COS.  6  =8.4158 

cos.  <y'= 9.9947 

sec.  0=0.2056 

cosec.  970  27^=0.0037 

a=-r^83 =02628 

The  azimuthal  deviation  may,  in  like  manner,  be  found  by 
comparing  any  two  stars  differing  considerably  in  decUnation, 
and  whose  places  are  known ;  but  it  is  always  best  to  employ 
Polaris,  or  some  close  circumpolar  star,  for  one  of  the  stars. 

(94.)  Third  Method, — By  two  circumpolar  stars  at  opposite 
culminations. 

There  are  two  stars  near  the  north  pole  which  culminate 
nearly  at  the  same  time,  one  above  and  the  other  below  the 
pole.  These  stars  are  51  Cephei  and  6  UrscB  Minoris.  The 
observation  of  these  stars  affords  one  of  the  best  methods  of  de- 
termining the  deviation  of  the  transit  from  the  meridian.  The 
method  of  reduction  is  the  same  as  in  Art.  93,  except  that  in- 
stead of  d^— d  we  must  put  <J^+<5,  since  one  star  is  below  the 
pole.  The  observed  transits  must  first  be  corrected  for  the  er- 
rors of  level  and  coUimation.  Then  put  A=the  difference  of  the 
observed  times,  minus  the  difference  of  the  right  ascensions^  neg- 
lecting the  12  hours.     The  error  in  azimuth  will  be 

__  A  COS.  d^  COS.  6 
COS.  0sin.(<J^+(J)' 

Example.  On  the  9th  of  February,  1850,  the  transit  of  6 
UrsBB  Minoris  (Dec.  86°  35^  43'0>  sub  polo,  was  observed  at 
Greenwich  at  6h.  19m.  29.74s.,  and  that  of  51  Cephei  (Dec. 
87°  15^  26^0  at  6h.  28m.  1.58s. ;  the  difference  of  the  tabular 
right  ascension  of  the  stars  being  12h.  8m.  20.99s.  Required 
the  error  in  azimuth. 
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A=10.85s.=162'^75  log.=25115 

COS.  <J'= 8.6799 
COS.  <J=8.7737 
860.  ^=0.2056 
ooseo.  6o  8'  5r"= 0.9703 
a= +6^^93=0.8410 
Henoe  the  error  in  azimuth  is  +6''.93. 
Sinoe  the  observed  interval  between  the  stars  was  too  great, 
it  is  plain  that  the  telescope  pointed  to  the  west  of  the  true  me- 
ridian on  the  north  horizon. 

Problem. 

(95.)  To  compute  the  correction  to  the  time  of  transit  for 
the  error  of  azimuth. 

Acoording  to  equation  (1),  Art.  93, 

cos.  o 
that  is,  the  numerical  correction,  in  seconds  of  time,  to  each 
transit  is  equal  to  the  azimuthal  error,  expressed  in  seconds  of 
time,  multiplied  by  the  sine  of  the  zenith  distance  and  the  se- 
cant of  the  star's  declination. 

Ex.  1.  The  transit  of  Castor,  Dec.  32°  12'  32^'  N.,  was  ob- 
served  at  Greenwich,  February  22d,  1851,  at  7h.  24m.  6.528., 
the  azimuthal  error  being  —  8'^32.  Required  the  corrected 
time  of  transit. 

The  zenith  distanco  of  the  star  was  19^  16'  7'\ 

sin.  Z= 9.5185 
sec.  d= 0.0726 
8'^32=0.5546s. =9.7440 
-052s.=9.3351 
Hence  the  time  of  transit  corrected  for  error  of  azimuth  is  Th. 
24m.  6.30s.     By  combining  the  results  of  pages  64  and  67,  we 
find  the  time  of  transit  corrected  for  errors  of  level,  coUimation, 
and  azimuth  to  be 

7h.  24m.  6.52s.-0598.-.0.07s.-0.22s.=7h.  24m.  5.948. 
Ex.  2.  It  is  required  to  compute  the  corrections  for  the  fid- 
lowing  observations  made  at  Greenwich,  February  22d,  1851 : 
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(3  Tauri 

<5  Une  Minoiia  S.  P. . . 

Siiios 

Antares 


Deetlnatkiii. 


28 
86 
16 
26 


28  N. 

36  N. 

31  S. 

6S. 


CRmrred 
Tnnait. 


J»»  in*       #• 

6  15  53.56 

6  19  16.31 

6  37  36.32 

16  19  17.27 


Error  of 


CoUim^ 


Lerel, 

.01 


-0.07 
+  1.06 


-0.27 
+3.27 


-0.06-0.10 
-0.07-0.06 


Aiimuth, 
-«".SS. 


-0.25 
-6.24 
-0.54 
-0.60 


Seconds 
of  Transit 
Correeted. 


M. 


52.97 
14.39 
35.62 
16.54 


The  errors  of  collimation,  level,  and  azimuth  being  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  computed  correc- 
tions  are  as  given  above,  and  the  corrected  seconds  of  transit  are 
given  in  the  last  colunm  above. 

(96.)  The  preceding  results  require  to  be  still  further  correct- 
ed for  the  error  of  the  clock,  and  we  shall  obtain  the  apparent 
ng^t  ascension  of  the  object  observed.     Hence  we  have 

E.A.=(T+rf^)+a?i^:W^>+62^fc^+-£-.  where 
^  COS.  o  cos.  6        cos.  6 

B.A.=the  apparent  right  ascension  required. 

T=the  observed  time  of  transit,  as  shown  by  the  clock. 

£ft=the  correction  for  error  of  the  clock;  plus  when  the 

clock  is  too  slow. 
a=the  deviation  of  the  telescope  in  azimuth ;  plus  when 

the  eastern  pivot  deviates  to  the  north  of  east. 
6= the  inclination  of  the  axis  of  the  telescope ;  plus  when 

the  west  end  of  the  axis  is  too  high. 
c=the  error  in  collimation ;  plus  when  the  mean  of  the 

wires  faUs  on  the  east  side  of  the  optical  axis. 
0=the  latitude  of  the  place. 
<5=:the  declination  of  the  star. 

(97.)  The  coefficients  of  a,  &,  and  c,  being  of  daily  use  in  the 
reduction  of  observations,  should  be  computed  for  each  observa- 
tory. Table  IX.  furnishes  their  values  for  Washington  Observa- 
toryi  by  means  of  which  the  reductions  are  made  with  great 
fistciUty. 

Example.  It  is  required  to  compute  the  corrections  for  the 
fidlowing  observations  made  at  Washington  Observatory,  De- 
cember 30th,  1845 : 
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Star. 

DecUnation. 

ObMnred 

Transit. 

Error  of 

Seeonda 

Aslinath, 
—0.301a. 

Lerelf 
+0.S40S. 

Collim., 
—0.065a. 

ofTraiiatt 
Corrected. 

a  Pcreei 

y  Eridani 

a  Tauri 

a  Auriffs 

(3  Taun 

O              ' 

+49  18 
-13  57 
+  16  12 
+45  50 
+28  28 

M.    111.            S, 

3  13  55.67 

3  51  24.14 

4  27  39.13 

5  5  53.76 
5  17    7.60 

+0.083 
-0.247 
-0.121 
+0.052 
-0.062 

+0.376 
+0.155 
+0.239 
+0.355 
+0.279 

a. 
-0.128 
-0.088 
-0.088 
-0.122 
-0.097 

66''00 
23.96 
39.16 
64.04 
7.72- 

The  errors  of  azimuth,  level,  and  coUimation  being  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  corrections  given 
above  are  readily  found  by  employing  the  coefficients  of  table 
IX. ;  and  the  corrected  times  of  transit  are  given  in  the  last 
column. 

(98.)  Of  the  figure  and  unequal  size  of  the  pivots  of  the 
transit  instrument. 

The  pivots  of  the  horizontal  axis  of  the  transit  instrument 
ought  to  bo  perfectly  cylindrical.  By  the  assistance  of  the  level 
we  can  easily  determine  whether  such  is  the  case.  For  this 
purpose  wo  place  the  level  upon  the  pivots,  and  point  the  object 
end  of  the  telescope  downward,  as  low  as  possible ;  wo  then  di- 
rect the  telescope  upward,  as  far  as  the  level  will  permit.  If 
the  bubble  of  the  level  remains  stationary  during  this  rotation, 
we  may,  with  great  probability,  assume  that  the  pivots  are  cy- 
lindrical. This  conclusion,  however,  is  not  necessarily  exact ; 
for  if  the  sections  of  the  pivots  were  perfectly  equal  curves,  of 
whatever  kind,  symmetrically  placed  with  respect  to  the  axis  of 
rotation,  the  bubble  would  not  be  disturbed  during  the  revolu- 
tion of  the  telescope.  As,  however,  the  coincidence  of  all  these 
conditions  is  not  to  bo  expected,  we  may  safely  assume  the 
pivots  to  bo  cylindrical  when  they  will  stand  the  preceding  test 

(99.)  If  the  pivots  are  made  perfectly  cylindrical,  but  of  un- 
equal diameters,  when  the  level  is  placed  upon  the  pivots,  and 
the  telescope  revolved,  the  bubble  will  not  change  its  position, 
but  the  inclination  of  the  axis,  diown  by  the  readings  of  the 
level,  will  be  erroneous ;  for  iif  the  axis  of  rotation  were  per- 
fectly horizontal  while  the  pivots  were  unequal,  the  level  would 
indicate  an  inclination,  and  the  thickest  end  of  the  axis  would 
appear  to  be  higher  than  the  other.  Let  this  inclination  be 
accurately  measured  by  means  of  the  level.  Now  reverse  the 
axis  of  the  telescope.     If  the  largest  pivot  was  before  on  the 
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east  side  of  the  telescope,  it  will  now  be  on  the  west  side,  and 
the  inclination  of  the  axis  will  be  changed.  Let  the  inclina- 
tion be  again  accurately  measured  by  means  of  the  level.  One 
Tiftlf  the  difference  between  the  level  errors  in  the  two  positions 
of  the  axis  gives  the  effect  of  the  difference  in  the  diameter  of 
the  pivots ;  and  one  fourth  the  difference  gives  the  effect  of  the 
difference  in  the  radii  of  the  pivots,  which  is  a  correction  to  bo 
always  subtracted  from  the  larger  end 

(100.)  For  example,  Mr.Curley,  at  the  Georgetown  Observa- 
tory, in  1846,  found  that  when  the  pivot  C  of  his  transit  instru- 
ment rested  on  the  west  Y,  the  east  end  of  the  axis  appeared  to 
be  too  high  by  1^^.046 ;  but  when  the  same  pivot  rested  on  the 
east  Y,  the  east  end  of  the  axis  appeared  to  be  too  high  by  1^^.660. 
Hence  the  pivot  C  is  the  largest,  and  the  correction  to  the  level 

error  on  account  of  the  difference  in  the  diameter  of  the  pivots  is 

]^  ggQ 1046 

-^ — =0".153.     This  correction  is  to  be  appUed  to  all 

level  readings  with  this  instrument,  inasmuch  as  the  level  de- 
termines only  the  inclination  of  the  tops  of  the  pivots,  while  in 
transit  observations  we  require  to  know  the  inclination  of  the 
axis  of  the  pivots. 

TRANSIT  OBSERVATIONS   RECORDED    BY   MEANS    OF   ELECTRO-MAG- 
NETISM. 

(101.)  Quite  recently  there  has  been  introduced  a  new  meth- 
od of  recording  transit  observations  by  means  of  electro-magnet- 
ism. This  appUcation  involves  two  contrivances  entirely  dis- 
tinct from  each  other.  The  first  is  a  method  by  which  an  as- 
tronomical clock  may  be  made  to  break  the  electric  circuit  at 
the  end  of  every  second ;  and  the  other  is  the  register,  for  re- 
oording  not  only  the  beats  of  the  clock,  but  also  any  other  arbi- 
trary signals  at  the  pleasure  of  the  operator. 

Ist.   The  electric  clock. 

(102.)  The  electric  circuit  may  be  broken  every  second,  by 
means  of  a  clock,  in  a  variety  of  ways.  Dr.  Locke  introduces 
into  the  astronomical  clock  a  wheel  with  60  teeth,  which  makes 
one  revolution  per  minute.  Each  tooth,  in  succession,  strikes 
against  the  handle  of  a  platinum  tilt-hammer,  AC,  weighing 
about  two  grains,  and  knocks  up  the  hammer,  which  almost 
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immediately  falls  to  a  state  of  rest  on  a  bed  of  platinum.  The 
fulcrum,  B,  of  the  tilt-hammer  and  the  platinum  bed  rest,  ser- 
erally,  on  a  small  blook  of  wood.  Each  is  connected,  by  wires 
D  and  E,  with  a  pole  of  the  galvanic  battery,  and  the  circuit  is 
alternately  broken  and  completed  by  the  rising  and  falling  of 
the  hammer.  The  .circuit  is  open  about  one  tenth  of  a  seoond, 
and  closed  the  remaining  nine  tenths  of  each  second. 

(103.)  Professor  Bond  insulates  the  axis  of  the  escapement 
wheel,  and  also  the  axis  of  the  steel  pallets,  by  a  ring  of  sfaellao. 
Wires  from  the  two  poles  of  the  battery  are  connected  with 

each  axis,  so  that  when  either  pallet  comes  in  con- 
tact with  an  escapement  tooth,  the  galvanic  circuit 
b  closed ;  and  when  the  contact  is  broken  (as  it 
must  be  at  every  oscillation  of  the  pendulum),  the 
galvanic  circuit  is  opened. 

(104.)  At  the  Washington  Observatory  the  same 
object  is  accomplished  in  the  following  manner :  A 
small  piece  of  metal,  M,  is  attached  to  the  back  of 
the  clock,  near  the  lower  extremity  of  the  pendn* 
lum,  and  upon  it  is  placed  a  small  globule  of  mer» 
cury,  so  that  the  index,  B,  attached  to  the  lower 
extremity  of  the  pendulum  may  pass  through  the 
globule  of  mercury  once  every  vibration.  A  wire 
from  one  pole  of  the  battery  is  connected  with  the 
supports  of  the  pendulum,  C,  and  another  wire 
^^  from  the  other  pole  of  the  battery  connects  with 

^'  the  metallic  support  of  the  mercury  globule.    I^ 
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noW|  the  pendtdum  were  at  rest,  with  the  pomter,  B,  in  the  mer- 
ouiy,  it  is  evident  that  the  electric  circuit  would  be  complete 
through  the  pendulum.  K,  then,  the  pendulum  be  set  in  mo- 
tion, it  will  break  the  circuit  whenever  it  passes  out  of  the  mer- 
cury, and  restore  it  again  as  soon  as  it  touches  the  mercury. 

(105.)  Mr.  Saxton  employs  a  small  tilt-hammer,  like  Dr. 
Locke,  but  he  breaks  the  circuit  by  means  of  a  small  glass  pin 
projecting  from  the  pendulum. 

ABC  represents  a  fine  platinum  wire,  mounted  upon  a  pivot 
at  B,  the  end  A  being 
somewhat  heavier  than 
the  other,  and  resting 
upon  a  metallic  bed,  D'. 
At  C,  the  wire  is  bent 
so  as  to  form  an  obtuse 
angle.  The  wire  E 
goes  from  D  to  one  polo 
of  the  battery,  while 
the  wire  H,  from  the 
other  pole  of  the  battery,  communicates  with  the  metallic  sup- 
port, G,  and  thence  with  the  wire  AB.  When  the  end  A  of 
the  platinum  wire  rests  upon  the  support  D,  it  is  evident  that 
the  electric  circuit  is  complete.  This  apparatus  is  placed  near 
the  middle  of  the  pendulum  (a  portion  of  which,  IK,  is  repre- 
sented in  the  cut),  and  just  in  front  of  it,  so  that  the  pendulum 
may  swing  behind  it  without  obstruction.  A  small  glass  pin, 
F,  about  half  an  inch  in  length,  is  attached  to  the  pendulum 
in  such  a  position  that,  at  every  vibration  of  the  pendulum,  the 
pin  shall  slightiy  impinge  upon  the  angle  C  of  the  platinum 
wire,  and  jforoe  up  the  end  A.  As  soon  as  the  pin  has  passed 
the  point  C,  the  end  A  falls  back  again  upon  its  support,  D. 
Thus,  at  every  vibration  of  the  pendulum,  the  end  A  of  the 
jdatinum  wire  is  lifted  about  a  tenth  of  a  second,  and  rests 
upon  D  during  the  remaining  nine  tenths  of  the  second ;  that 
is,  the  electric  circuit  is  closed  about  nine  tenths  of  every  sec- 
ond, and  is  open  during  the  remaining  tenth. 

By  either  of  these  methods,  as  well  as  several  others,  the  elec- 
tric circuit  may  be  broken  every  second  by  means  of  a  dock. 

2d..  The  Register. 
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(106.)  The  moat  obvious  mode  of  registering  the  l)eat8  of  the 
clock  is  upon  a  long  fillet  of  paper,  after  the  ordinary  meUiod 
of  telegraphic  communications.  If  the  paper  be  allowed  to  nm 
through  an  ordinary  Morse  registering  apparatus,  and  Hie  circuit 
be  broken  every  second  by  the  clock,  tiie  graver  will  trace  uptm 
tiie  paper  a  series  of  lines  of  equal  length,  separated  by  short 
interruptions,  thus : 

It  is  easy  to  reverse  the  action  of  the  graver,  so  that,  when 
the  circuit  is  complete,  the  paper  shall  be  entirely  free,  and  a 
dot  be  made  by  the  breaking  of  the  circuit.  A  paper  graduated 
into  seconds  by  this  arrangement  exhibits  dots  with  long  inter- 
vening  spaces,  thus : 

instead  of  long  Unes  with  short  blanks,  as  shown  before. 

In  order  te  indicate  the  commencement  of  the  minute,  a  dot 
may  be  omitted  at  the  end  of  every  60  seconds.  This  is  ac 
oomplbhed  in  Dr.  Locke's  clock  by  omitting  one  tooth  in  the 
wheel  which  breaks  tho  circuit,  as  8ho\vn  at  H,  in  the  figure, 
page  76. 

(107.)  Tho  mode  of  usuig  the  register  for  marking  the  date 
of  any  event,  is  to  tap  on  a  break-circuit  key  sinmltaneously 
with  tho  event.  Tho  beginning  of  tho  short  lino  thus  printed 
upon  the  graduated  scale  of  the  register,  fixes,  by  a  permanent 
record,  tho  date  of  the  event.  Thus  A  represents  such  a  record 
printed  upon  tho  graduated  pat)cr. 

—  _  _   A  _  _  _ 

By  tepping  upon  the  key  at  tho  'n-stant  a  star  is  seen  to  pass 
each  of  tho  wires  of  a  transit  instnuncnt,  tho  observation  is  in- 
stantly and  permanently  recorded.  The  usual  rate  of  progresa 
of  the  iillot  under  the  pen  is  about  one  inch  per  second,  and 
the  observations  are  read  off  by  means  of 
a  graduated  transparent  scale,  about  an 
inch  square,  as  represented  in  tho  annexed 
cut,  consisting  of  equidistant  and  parallel 
lines,  ruled  upon  a  piece  of  glass  by  means 
of  a  diamond,  or  etched  with  fluoric  acid. 
If  the  interval  between  the  second  dots 
be  greater  than  tho  breadth  of  the  scale, 
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ths  so&le  is  tamed  obliquely  aoroas  the  fillet,  until  the  first  and 
last  divisions  exactly  comprehend  tho  space  between  the  two 
seoood  dots.  Let  the  distance  from  4s.  to  5s.,  on  the  above 
scale,  be  the  distance  on  the  fillet  between  the  foaith  and  filth 
seconds,  and  let  the  dot,  a,  between  them  represent  the  obser- 
vation. It  appears,  by  inspection,  that  the  observation  was  re- 
corded between  4.7  and  4.8  seconds.  The  distance  of  a  from 
the  nearest  scale  division  may  be  estimated  to  tenths.  Thus 
time  is  accurately  measured  to  tenths,  and 
may  be  estimated  to  hundredths  of  a  second. 
On  some  acoounts,  it  is  more  convenient  to 
employ  a  scale  consisting  of  diverging  lines, 
as  represented  in  the  annexed  cut,  so  that  the 
breadth  of  the  scale  may  always  exactly  com- 
prehend the  interval  between  the  second  dots, 
which  intervals  must  necessarily  vary  some-  '''Ml  1  II 
what  in  length. 

(108.)  This  method  of  recording  transits  not  only  possesses  the 
advantage  of  preotsiou,  but  also  of  performing  vastly  more  work 
in  a  given  time.  Fifteen  seconds  is  the  ordinary  equatorial  in- 
terval for  the  wires  of  a  transit  instrument ;  but  when  the  tran- 
sits arc  printed  on  paper,  in  the  manner  now  described,  this  in- 
terval may  easily  be  reduced  to  two  or  three  seconds.  The  value 
of  a  night's  work  with  the  transit  instniment  is  thus  increased 
many  foU. 

To  obviate  iha  inconvenience  of  a  long  fillet  of  paper,  Ur. 
Saxton  has  subetituted  a  cylinder,  about  eight  inches  in  diam- 
eter and  two  feet  long,  enveloped  with  paper,  which  may  be  re- 
moved at  pteasnre.  This  cylinder  is  made  to  revolve,  with  a 
uniform  motion,  upon  a  screw  axis,  so  that  the  recording  dots 
are  made  upon  a  perpetual  spiral.  One  sheet,  filled  in  this 
maimer,  will  contain  about  two  hours'  work  with  a  transit  in- 
sbument. 

(109.)  In  order  to  secure  the  full  advantage  of  the  preceding 
method,  it  is  important  that  the  paper  which  contains  the  reg- 
ister be  made  to  advance  with  entire  uniformity.  The  Messrs. 
Bond  have  invented  for  this  purpose  a  machine  which  they  call 
the  Spring  Governor,  consisting  of  a  train  of  clock-work  con- 
nected with  the  axis  of  a  fly-wheel.     It  has  an  escapements 
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wheel,  into  the  teeth  of  which  pallets  are  operated  by  the  oscil- 
lations of  a  pendulum,  as  in  ordinary  clocks,  the  wheel  being  so 
connected  with  its  axis  b^  a  spring  as  to  allow  the  axis  to  move 
while  the  wheel  is  detained  by  the  pallets.  The  register  is  made 
upon  a  sheet  of  paper  wrapped  round  a  cylinder. 

Professor  Airy,  in  order  to  impart  a  uniform  motion  to  the 
paper,  employs  a  large  conical  pendulum,  revolving  in  a  cir6le| 
whose  diameter  is  about  equal  to  the  arc  of  vibration  of  an  or- 
dinary seconds  pendulum. 

The  electric  method  of  recording  transits  has  been  employed  at 
the  Washington  Observatory  exclusively  since  December,  1849, 
and  it  is  now  used  also  at  the  Crreenwioh  Observatory. 

PERSONAL    EQUATION. 

(110.)  We  frequently  find  that  two  individuals,  both  of  whom 
have  been  well  trained  in  transit  observations,  will  differ  by  a 
large  and  nearly  constant  quantity  in  observing  the  exact  mo- 
ment at  which  a  star  passes  a  transit  wire.  This  difference  is 
called  their  personal  equation;  and  an  allowance  should  al- 
ways be  made  for  it  whenever  observations,  which  have  been 
made  by  two  individuals  for  the  determination  of  absolute  time, 
are  to  bo  combined.  This  equation  may  be  determined  by  either 
of  the  following  methods : 

(111.)  First  Method, — Let  one  observer  note  the  passage  of 
a  star  over  the  first  three  or  four  wires  of  the  transit  instrument, 
and  the  other  observer  note  the  same  star  over  the  remaining 
wires.  Let  each  set  of  observations  be  reduced  to  the  mean 
wire  by  employing  the  equatorial  interval  previously  determined. 
The  difference  between  the  two  mean  results  thus  obtained  is 
the  personal  equation  of  the  observers.  A  dozen  stars  observed 
in  the  course  of  an  hour,  will  furnish  this  equation  within  a  few 
hundredths  of  a  second. 

(112.)  Second  Method,^— The  same  object  may  be  accom- 
plished still  more  conveniently  by  employing  an  equatorial  tel- 
escope. Place  the  two  threads  of  the  micrometer  at  a  distance 
from  each  other  equal  to  about  ten  seconds  of  time,  and  adjust 
them  to  the  position  of  an  hour  circle.  Direct  the  telescope  upon 
a  star  near  the  meridian,  and  let  the  two  astronomers  observe 
the  passage  of  the  star  over  the  two  wires  alternately.     By 
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means  of  the  tangent  screw  belonging  to  the  hour-circle,  bring 
the  star  back  again,  and  repeat  the  observation  as  many  times 
as  may  be  thought  necessary ;  suppose,  for  example,  20  times. 
At  10  of  these  observations,  the  individual  A  should  have  made 
the  observation  at  the  first  wire,  and  the  individual  B  at  the 
second ;  and  vice  versa  for  the  other  10  observations.  Let  M 
represent  the  mean  of  the  first  set  of  observations,  and  M^  the 
mean  of  the  second  set  of  observations ;  then  will  the  personal 
equationbe 

2      •  ^ 

(113.)  In  1843,  Dr.  Petereon,  at  Altona,  and  M.  0.  Strove, 
of  the  Pulkova  Observatory,  from  a  series  of  observations  made 
M= 7.175s.,  and  M^= 7.581s.  Hence  their  personal  equation 
was  0.203s. 

In  the  same  manner,  the  personal  equation  between  Dr.  Pe- 
terson and  M.  Sabler,  of  the  Pulkova  Observatory,  was  found  to 
be  0.324s. 

The  personal  equation  between  the  late  Professor  Henderson, 
of  the  Edinburgh  Observatory,  and  Mr.  Wallace,  his  assistant,  . 
was  0.42s. 

The  personal  equation  between  Mr.  Morton  and  Mr.  Rogerson, 
assistants  at  the  Greenwich  Observatory,  in  1851,  was  0.68s. 

The  personal  equation  between  the  Messrs.  Bond,  at  the  Cam- 
bridge Observatory,  is  0.31s. 

The  personal  equation  between  Professor  Keith,  of  the  Wash- 
ington Observatory,  and  Lieutenant  Almy,  in  1846,  was  0.36s. 

In  1823,  it  was  found  that  M.  Argelander  observed  transits  of 
stars  1.2s.  later  than  Professor  Bessel,  of  the  Konigsberg  Obser- 
vatory. 

The  same  year,  Argelander  observed  transits  0.20s.  later  than 
M.  Strove,  of  the  Dorpat  Observatory. 

Bessel  concluded,  £rom  numerous  comparisons,  that  in  1814 
there  was  no  personal  equation  between  himself  and  Strove ; 
that  in  1821,  Strove  observed  transits  0.8s.  later  than  himself; 
and  that  in  1823,  this  difference  amounted  to  an  entire  second,  y 

Bessel  also  discovered  that  when  he  employed  a  olironometer 
beating  half  seconds,  he  observed  transits  0.49s.  later  than  when . 
he  employed  a  dock  beating  whole  seconds. 
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This  personal  equation  is  bat  another  name  for  positive  error 
in  the  estimation  of  firaotions  of  a  second ;  and  it  not  only  va^ 
lies  with  different  individoals,  but  varies  with  the  same  indi- 
vidual at  different  times.  The  amount  of  this  error  in  skillfiil 
and  long-praotioed  observers  is  truly  surprising.  Observations 
made  by  different  individuals  for  the  determination  of  absolute 
time  should  therefore  never  be. combined,  without  investigatixig 
the  personal  equation  of  the  observers. 


CHAPTER  m. 

GRADUATED  CIRCLES. 
MURAL    CIRCLE.. 

(114.)  The  mnral  circle  consists  of  a  metallic  circle,  com- 
monly of  ISrass,  from  four  to  six  feet  in  diameter  when  intended 
for  a  large  observatory.  Its  circumference  is  graduated  into 
degrees  and  minutes,  and  these  are  subdivided  into  seconds  by 
a  vernier  or  a  reading  microscope.  It  revolves  upon  a  horizon- 
tal axis,  inserted  in  a  stone  pier,  so  situated  that  the  plane  of 
the  circle  may  coincide  with  the  meridian.  The  figvure  on  the 
following  page  represents  the  mural  circle  used  for  many  years 
at  the  Greenwich  Observatory.  The  circle  aaaa  is  six  feet  in 
diameter,  of  brass,  and  connected  with  the  central  nucleus  by 
sixteen  spokes,  or  conical  radiL  A  circle  of  bracing  bars  is  in- 
terposed to  bind  the  cones  together,  half  way  between  the  outer 
ring  and  the  centre.  The  axis  is  a  cone  of  brass,  nearly  seven 
inches  in  diameter  in  front,  but  behind  only  about  half  as  much, 
and  nearly  four  feet  long. 

(115.)  The  telescope,  MM,  has  a  focal  length  of  six  feet  two 
inches,  the  aperture  is  four  inches,  and  its  common  magnifying 
power  about  160.  At  its  focus  are  five  vertical  wires,  and  a 
horizontal  stationary  one,  besides  a  micrometer  wire,  movable 
in  altitude,  whose  head  is  divided  into  100  equal  parts.  The 
telescope  is  attached  to  the  circle  at  the  centre  by  a  steel  axis, 
which  passes  through  the  proper  axis  of  motion  from  end  to 
end,  so  that  the  motion  of  the  telescope  round  its  own  axis  is 
concentric  ydth  that  of  the  circle.  For  the  purpose  of  fixing 
the  telescope  in  any  position  with  respect  to  the  circle,  there  are 
two  clamps,  one  at  each  end,  which  may  be  secured  to  the  ex- 
terior border  of  the  circle. 

The  limb  of  the  circle  consists  of  two  rings,  the  interior  one 
having  its  plane  parallel,  and  the  exterior  one  perpendicular  to 
the  plane  of  the  circle,  so  that,  when  united,  their  section  is 
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represented  by  the  letter  T.     The  gradnbtion  is  made  on  the 
broad  surface  of  the  exUtrior  ring.    The  divisions  are  made  upom 


V  ring  of  white  metal,  composed  of  four  parts  of  gold  to 
line  of  palladium ;  and  the  figures  which  count  tho  degrees  are 
•mgraved  upon  a  similar  ring  of  platina.  Neither  of  these  metals 
tamishps  in  the  least  degree.  The  degrees  arc  cut  into  twelve 
parts,  or  !y  spaocs,  and  are  numbered  from  the  polo  southward 
to  tho  same  polo  again,  viz.,  from  0^  to  360^. 

(116.)  Placed  at  equal  distances  round  tho  circle,  and  firmly 
attached  to  tho  pier,  are  six  reading  microscopes,  A,  B,  C,  D, 
E,  F,  with  an  acuta  cross  of  wires  at  their  foci  for  measuring 
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angles  less  than  five  minntes.    Fig,  1  represents  tlie  appear- 


anoe  of  one  of  these  microscopes.  It  ia  a  compoond  micro- 
scope, consisting  of  three  lenses,  one  of  which  is  the  object  lens, 
at  L,  and  the  other  two  are  formed  into  a  positive  eye-pieoe, 
G  H.  In  the  common  foous  of  the  object  lens  and  the  eye- 
piece, at  K,  is  placed  the  spider-lkie  micrometer,  similar  in  prin- 
ciple to  that  described  in  Art.  38.  It' consists  of  a  small  rect- 
aogolar  frame,  across  which  are  stretched  two  spider  lines, 
fortmng  an  acnto  cross,  and  is  moved  laterally  by  means  of  a 
screw,  whose  head  is  divided  into  60  equal  parts.  Fig.  2 
^ws  the  field  of  view,  with  the  magnified  divisions  on  the  in- 
strument, as  seen  through  the  microscope.  When  the  micro- 
taapG  is  properly  adjusted,  the  image  of  the  divided  limb  and 
the  spider  lines  are  distinctly  visible  together ;  and,  also,  five 
revolutions  of  the  screw  must  exactly  measure  one  of  the  5^ 
spaces  on  the-  hmb.  If  the  five  revolutions  do  not  include  the 
whole  of  one  sq^moe,  the  object  lens  must  be  screwed  ap  toward 
the  image  of  the  limb,  and  the  position  of  the  microscope  al- 
tered till  distinct  vision  is  obtained  both  of  the  spider  lines  and 
the  divisicKis  of  the  limb.  It  may  require  repeated  trials  before 
these  conditions  are  complei«ly  Ailfilled.  Moreover,  it  is  found 
that  changes  of  temperature  and  other  causes  produce  a  con- 
tinual vaiiation  in  the  value  of  one  division  by  tiie  microscope. 
Each  of  the  microscopes  must  therefore  be  examined  from  time 
to  time,  and  allowance  made  for  error  of  runs.  It  is  usual  to 
measnre  the  value  of  one  division  of  the  circle  by  each  micro- 
scope, at  several  different  parts  of  the  circle,  and  take  the  mean. 
The  following  example  is  taken  from  the  Washington  observa- 
tions of  1845: 
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July  15, 1845.     Emr  of  nms  of  tfae  ax  nucnnoopes  determ- 
ined for  fofor  points  of  the  circle. 


Pouter. 

1       A.               B.               C.                D. 

E.       t       p.       1      M«a.     1 

72 

+2.0  .  -r2.3     -r2.5     -r-0.5 

-1-1.2  '+0.0 

+  1.417 

112 

2.5 

3.1        1.4        1.7 

2-3  ;     1.7 

2.117 

240 

2.0 

1.9  ,      1.8        1.0 

2J5  ;     2.0 

1.8e7 

360 

1.8 

22]     1.7        1.9 

1.7        1.0 

1.717 

Mean. 

+Z07i+2.37  +1.SO  +1J27 

-i- 1.92  +1.17+1.779] 

The  aTerage  error  of  the  six  microecopes  for  an  arc  of  5  min- 
ntes,  July  15th,  was  +1".779.  Consequently,  smaller  arcs, 
which  are  measored  by  the  microscopes,  dioold  have  a  propor- 
tional part  of  this  error  applied  to  them ;  that  is,  the  correctioii 
due  to  an  observation  for  error  of  mns  is 


5'   ' 

where  R  repres^its  the  observed  error  of  mns,  and  M  is  the 
mean  of  ibe  microscopes,  omitting  the  largest  contained  ndultU 
pie  of  5  minutes. 

(117.)  The  axis  of  the  circle  is  made  horizontal  by  the  aid  <^ 
a  plumb  line,  suspended  in  front  of  the  circle,  and  viewed  by 
two  microecopes,  one  near  the  top,  and  the  other  near  the  bottom 
of  the  circle.  Or,  as  this  instrument  is  supposed  to  be  used  in 
conjunction  with  a  transit  instrument,  we  may  render  the  axis 
horizontal  by  moving  the  adjusting  screws,  so  as  to  make  a  zen- 
ith star  pass  the  middle  wire  at  the  instant  the  star  is  passing 
the  middle  wire  of  the  transit  We  may  also  bring  the  plane  of 
the  circle  into  the  meridian  by  selecting  a  star  near  to  the  hori- 
zon, and  moving  the  proper  screws  so  as  to  cause  it  to  pass  the 
middle  wire  at  the  same  instant  that  it  passes  the  middle  wire 
of  the  transit 

(118.)  To  make  an  observation  with  the  mural  circle,  the  tel- 
escope is  pointed  upon  a  star  just  before  it  passes  the  meridian* 
and,  by  means  of  the  tangent  screw,  the  telescope  is  moved  in 
altitude  until  the  star  ai^)ears  bisected  by  the  horizontal  wire. 
An  index  ot  pointer  shows  the  number  of  degrees,  and  the  near- 
est five  minutes,  while  the  minutes  less  than  five  and  the  secoDds 
are  obtained  from  the  microscopes. 
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The  following  ob96rvati(»s  were  made  at  Washington,  No- 
vember 28, 1845 : 


8urs. 

Pointer. 

A. 

b: 

c. 

D. 

E. 

F. 

iy  Tanri 

a  Tanri 

a  Ononis  .... 
e  Canis  Hajoris . 

315  15 

322  40 

331  30 

7  38 

0  37.5 

1  15.5 

0  22.5 

1  45.6 

65.0 
44.6 
52.0 

77.8 

55.3 
36.0 
43.0 
66.0 

39.6 
18.6 
26.0 
53.2 

75.7 
56.2 
63.3 
83.6 

** 

37.7 
14.7 
21.0 
43.6 

It  is  required  to  determine  the  true  circle  readings,  the  error 
of  runs  on  an  arc  of  5f  at  the  time  of  each  of  the  preceding  ob- 
servations being -^^51;  -r^76;  -r^81;  -^^83. 

The  mean  of  the  seconds  readings  by  the  six  microscopes  for 
ly  Tauri  is  51^^.80.  The  error  of  runs  for  5f  being  — 1''''.51,  the 
error  for  51^^.8  will  be  --0^^.27,  which,  subtracted  from  the  pre- 
ceding mean,  gives  52''^.07  for  the  number  of  seconds.  The 
pointer  indicates  315^  15'.  Hence  the  concluded  circle  reading 
is  315^  15'  52^^07. 

For  a  Tanri,  the  mean  of  the  seconds  readings  by  the  six  mi- 
croscopes is  30^^.93;  correction  for  runs,  +0^^54,  making  31^^47. 
The  pointer  indicates  322^  4(K,  and  the  microscopes  give  V 
ZV\M.    Hence  the  concluded  circle  reading  is  322^  41^  31^^47. 

For  a  Orionis,  mean  of  the  six  microscopes,  ZT\^1 ;  correc- 
tion for  runs,  +0"'.23. 

Concluded  circle  reading,  33lo  30^  38^^20. 

For  e  Canis  Hajoris,  meai^  of  microscopes,  61^^.63 ;  correction 
for  runs,  +0''.77. 

Concluded  circle  reading,  7°  37"  2"^40. 

These  results  require  to  1^  stiU  further  corrected  for  refrac- 
tion, which  is  furnished  by  Table  VIII. 

(119.)  To  determine  the  horizontal  point,  or  the  zenith 
poinij  on  the  limb  of  the' circle. 

Point  the  telescope  upon  any  known  star  when  it  crosses  the 
meridian,  and  record  the  reading  of  the  circle.  On  the  next 
night,  observe  the  same  star  as  it  crosses  the  meridian,  by  point- 
ing the  telescope  upon  the  image  of  the  star  reflected  from  the 
surface  of  mercury.  As  the  surface  of  a  fluid  at  rest  is  horizon- 
tal, and  as  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence, this  image  will  be  just  as  much  depressed  below  the  hori- 
zon as  the  star  itself  is  above  it.     The  arc  intercepted  on  the 


S8  Pkactecal.  AsTi.*5axT- 


llmh  of  the  circle,  Letwceu.  c&e  sar  mai  as  Rdected  imige,  is 
the  do<ii>le  •trffra-^  ^f  ^e  atar.  and  i:^  mri-ktV  pcnju  is  tfae  Ikon- 
aantal  point  of  die  grLs.  alfewtK  isr  cae  tfoSococe  of  lefinctiaQ 
attlieizkoczMatBofQ^aTzckix.  By  ■MgrTT-nif  nmnagement  it  is  po6-> 
nbletoobsernethesarcs/iLf  JffiJbf  M;ri^.  bodi  by  rellectiao  mod 
diiecf  Tiaon.  so&aeaclT  oear  wo  die  rmfTifTam  tt>  srvv  the  hariaoo- 
tal  pGQit  widiacit  n^dns  die  duoxse  of  re&accua  in  24  hcmrs^ 

(120.)  T1l£s  zcaj  le  t&czed  In  the  JbCowin^  mamner:  Ser- 
cnl  tniittny*  be£)f«  die  star  in  iqnestksi  cocks  id  the  meiidinzz, 
let  t!ie  vAeseaptt  le  {nizr&ed  dcrvnwmzd  xzpcn  a  Isasm  of  merctny, 
pRTioQsiy  pbced  in  tbe  proper  poscica  to  see  tke  star  icflected 
fiocn  its  sior&ce.  Let  the  tctescope  be  jirmiT  duzqwd,  and  the 
six  nwTToeorjpcs  lie  read  and  rc^atcred.  Wfaen  die  star  enters 
die  Seld  <jf  ti^  tekscopc,  let  it  be  followed  by  die  mianometer 
wwt  wikidi  mores  in  altitude,  and  let  it  be  acctuateh*  bisected 
at  the  instant  the  star  passes  the  fir«t  ir^nicai  wire.  Then  niK 
damp  the  tek^oope  and  point  it  npwani  toward  the  star :  and, 
by  means  of  the  tansent  screw,  kt  the  telescope  be  moved  in 
altitude  until  the  star  is  bioo^t  upon  the  fixed  horizontal  wire, 
and  let  it  be  accorately  bisected  at  the  instant  of  its  passing  the 
last  vertical  wire.  The  observer  may  then  read  the  microefcopes 
at  his  krisare,  and  alsp  the  micrometer  of  the  telescope.  Know- 
ing the  value  of  one  revolatim  of  the  screw,  the  fir«t  observation 
is  easily  reduced  to  the  fixed  hcuizontal  wire,  so  that  we  have 
secured  a  reflected  observation  at  the  fir^t  vertical  wire,  and  a 
direct  observation  at  the  last  vertical  wire.  Both  of  the  observ- 
atioas  are  to  be  reduced  to  the  middle  wire,  as  e3q>lained  in  Art. 
174.  The  mean  of  the  two  observations  thus  corrected  furnish- 
es  the  horizontal  point  on  the  circle. 

(121.)  The  nadir  point,  and,  consequently,  the  zenith  point 
of  the  circle,  may  also  be  found  in  the  mode  dei^cribed  in  ArL 
87.  When  the  telescope  is  directed  vertically  downward  upon 
a  basin  ef  mercury,  and  the  reflected  image  of  the  horizontal 
wire  is  brought  t/>  coincide  with  its  direct  image,  the  telescope 
is  directed  t/>ward  the  nadir^  which  is  distant  90  degrees  from 
the  horizontal  point,  or  180  degrees  firom  the  zenith  point.  As 
this  ol>»ervation  can  bo  made  at  any  time  independently  of  the 
weather,  it  is  a  most  valuable  method,  and  in  many  obaervato^ 
ries  is  the  one  exclusively  employed. 
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(122.)  The  horizontal  point,  determined  by  direct  and  reflect- 
ed observations,  should  differ  exactly  90°  from  the  zenith  point, 
determined  by  the  oollimating  eye-piece.  By  combining  the  two 
methods,  therefore,  we  have  the  means  of  testing  the  accuracy 
of  each  of  Ihem.  The  following  are  the  results  of  observations 
made  at  Washington  in  1845 : 


1 
4 

18 

23 

Oct.  30 

Nov.  7 

"    18 


Aug. 


star. 


d  Ursse  Minoris 
d  Ursse  Minoris 
d  Ursse  Minoris 
a  Ursse  Minoris 
y  Cephei  .  .  .  . 
y  Cephei  .  .  .  . 
y  Cephei  .... 


IlorizonUU  Point. 


330 
330 
30 
29 
100 
120 
160 


0 
0 
0 
57 
0 
0 


1.16 
1.42 
0.01 
34.17 
3,02 


Zenith  Point. 


240 
240 
300 
299 
190 


8.50210 


0 
0 
0 
57 
0 
0 


1.30 


Difflsrenee. 


0.65 

1.00 

35.23 


-0.14 


+0.77 
-0.99 
-1.06 
3.22  -0.20 
8.40+0.10 


0  11.80250    0  11.69+0.11 


During  the  interval  of  these  observations,  the  position  of  the 
telescope  was  repeatedly  changed,  so  that  the  horizontal  point 
was  brought  upon  different  parts  of  the  circle.  The  last  column 
in  the  above  table  shows  the  errors  of  the  observations,  combined 
with  the  error  in  the  graduation  of  the  circle ;  yet  the  resulting 
error,  it  will  be  seen,  is  scarcely  appreciable. 
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(123.)  As  the  mural  circle  has  a  short  axis,  its  position  in  the 
meridian  is  unstable,  and  therefore  it  can  not  be  relied  upon  to 
give  the  right  ascension  of  stars  with  great  accuracy.  It  was 
formerly  thought  necessary  at  Greenwich  to  have  two  instru- 
ments for  determining  a  star's  place ;  viz.,  a  transit  instrument 
to  determine  its  right  ascension,  and  a  mural  circle  to  determine 
its  declination.  The  German  astronomers  have,  however,  com- 
bined both  instruments  in  one,  under  the  name  of  meridian  circle, 
which  is  essentially  the  transit  instrument  already  described, 
with  a  large  graduated  circle  attached  to  its  axis.  Until  re- 
cently, the  English  astronomers  have  generally  contended  that 
this  combination  was  only  suited  to  instruments  of  moderate  di- 
mensions ;  but  a  large  transit  circle  has  lately  been  constructed 
for  Greenwich  Observatory,  under  the  direction  of  Professor  Airy. 
The  telescope  has  an  aperture  of  eight  inches,  and  a  focal  length 
of  Hi  feet.  The  length  of  the  axis  between  the  extremities  of 
the  pivots  is  six  feet,  and  the  diameter  of  each  pivot  is  six  inches. 
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Tho  circle  is  six  feet  in  diameter,  and  is  made  of  oast  iron.  This 
instrument  has  been  in  constant  use  sinoe  the  oonmienoeroent 
of  the  year  1851,  and  the  old  transit  instrument  and  mural  oinde 
have  been  abandoned. 

(124.)  The  figure  on  the  opposite  page  represents  the  transit 
circle  belonging  to  the  observatory  at  Cambridge,  MassachusettsL 
Tho  telescope,  T,  has  an  object-glass  of  four  and  one  eighth  indi- 
es aperture,  and  five  feet  focal  length.  The  length  of  the  axis 
between  tlio  s<houlders  of  the  pivots  is  twenty-six  inches ;  Ihe 
pivots  are  of  steel,  two  and  a  half  inches  in  diameter,  and  Ae 
same  in  lengtli.  The  oye-piece  is  provided  with  two  microm- 
eters, one  having  a  vertical,  and  the  other  a  horizontal  move- 
ment. Besides  the  usual  mode  of  illuminating  the  field  throng 
tho  axis,  there  are  facilities  for  illuminating  the  wires  in  a  dark 
iiokl.  Tho  cin^les  are  foiv  feet  in  diameter,  being  cast  in  one 
pioots  and  are  both  graduated  on  silver,  from  0^  to  360^,  into 
liv«v.iiiiiuite  H|)aoos.  There  are  eight  micrometer  reading  mi- 
onw(H)|H«?«,  utid  these  are  attached  imrhediately  to  the  granite 
piers  Ix^iiig  four  fi)r  each  circle.  Four  of  these  microsoopes  aie 
wHMi  lit  A,  H,  Cy  luul  P,  the  other  four  are  on  the  opposite  side  of 
tlio  pion*.  Thrs*^  iuiorosi\>|X'8  starve  to  bisect  diametrically  both 
tMn'KvH.  The  livi'-nunute  s|>act*s  of  the  limbs  are  subdivided  by 
llie  iiuoroiiieters,  a  single  division  of  the  micrometer  head  being 
equal  to  one  stHHuul  of  an%  and  may  be  read,  by  estimation,  to 
1  wo  tenths  of  a  s<HHind.  The  arm,  E,  attached  to  the  pier,  sa^ 
|N>r(s  nn  udditioiml  iiuorostH^|x%  which  serves  as  a  pointer  to  in- 
ditMito  tho  doijrtH^s  niid  minutes  approximately.  There  are  frio- 
tioii  whcH'U  for  H'lioving  tho  pressure  of  the  axis  pivots  npan  the 
W  HUp|>ort(Hl  by  plates  stHnmxl  to  the  piers. 

l«'or  lovt'ling  tho  axis,  a  striding  level  is  employed,  which,  com* 
btmMl  with  tho  mothinl  of  rt^tloction  from  quicksilver  at  the  nadir 
|ioiiit,  allonlM  an  inde|K'iuleut  moans  of  ascertaining  the  amount 
of  rolliiiuitit»n  of  tho  mid  >virt^  without  reversal  of  the  pivots. 
Tlum*  iM,  howt^viT,  »p|varatus  for  n^^-ersing  the  instrument. 

Tho  ohjtH't-glnsH  is  by  Morx,  of  Munich ;  the  mounting  by 
Hinnus,  of  liondon. 

Witli  tins  instrument  (»no  olim^nivr  can,  at  the  same  time,  d^ 
tcrmiuo  botli  tho  right  asoonaion  and  declination  of  a  star  with 
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as  great  precision  as  it  can  be  done  by  two  observers  with  an 
ordinary  transit  instroment  and  a  mural  circle. 
Differences  of  declination  recorded  by  electro^magnetitm. 
(125.)  Differences  of  declination  may  be  recorded  by  means 
of  electro-magnetism.  This  is  accomplished  by  inserting  in  the 
focus  of  the  meridional  telescope  two  systems  of  qpider  lines, 
one  vertical,  and  the  other  inclined  at  an  angle  of  45^.     Let 

AB  represent  the  horizontal  wire  of  the 
transit  instrument,  DE  the  middle  vert- 
ical wire,  and  FG-  a  wire  inclined  to  tiio 
latter,  at  an  angle  of  45^.  Let  the  tele- 
scope  be  pointed  upon  a  star  as  it  ap 
preaches  the  meridian,  and  let  it  be  bi- 
sected by  the  wire  AB,  while  the  time  of 
passing  the  vertical  wire,  DE,  is  recorded. 
Let  tiio  toleseope  remain  firmly  fixed  in  its  position,  and  sop- 
]X)se  a  soiH)nd  star  enters  the  field  at  H,  and  traverses  the  path 
HL.  Let  the  instants  of  ])as$ing  FG  at  I,  and  DE  at  K,  be 
recorded.  Then,  if  the  angle  DCF  is  45^,  CK  (which  is  the 
diflfcronec  of  deelination  of  the  two  stars)  will  be  equal  to  KI. 
The  lino  KI  is  measured  by  the  time  required  for  the  star  to 
describe  this  portion  of  its  path ;  and,  in  order  to  convert  the 
observeil  time  into  arc  of  a  great  circle,  we  must  multiply  it  by 
iifttHMi  times  tiie  cosine  of  the  star's  declination,  according  to 
Art.  72.  If  a  thinl  star  enters  the  field  at  M,  and  crosses  the 
wire  DE  at  N,  and  FG  at  0,  llien  CX  is  the  difference  of  dec- 
lination of  the  first  and  tliird  stars;  and,  in  the  same  manner, 
by  oWr\'i!ig  the  transits  of  any  number  of  stars  over  the  wires 
DE  and  FG,  in  the  same  jxisition  of  ihe  telescope,  we  shall  ob- 
tain their  ditlerenees  of  deelination,  as  well  as  of  richt  ascen* 
Mtoi).  In  onler  to  diminish  the  ern>rs  of  observation,  we  intro- 
dueo  a  hiriji^  number  of  inclined  wires,  at  intervals  of  two  or 
thn*o  siHHUuls  fn>m  each  oUier,  as  well  as  a  lariie  number  of 
vortical  wirt\s;  and  the  times  of  transit  over  each  svstem  of 
win\s  an*  nn^ordi^l  by  ekvtn>-niagnetism,  as  explained  in  Arti- 
cles 101-109. 

(l'J(>.)  This  method  is  well  adapt(\I  to  the  constniction  of  a 
catali^ue  i»f  stars,  whert^  it  is  pr\»(X)seil  to  record  the  position  of 
over}'  star  witliin  the  range  of  the  telescope.     For  this  purpose 
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the  telescope  is  firmly  clamped,  and  remaina  fixed  in  its  position 
during  the  observations  of  an  entire  evening  or  night,  while  the 
observer,  stttiag  with  his  eye  at  the  telescope,  has  hut  to  press 
his  finger  npon  a  key  at  the  instant  a  star  is  seen  to  pass  each 
wire  of  the  two  systems  already  mentioned.  This  mode  of  ob- 
servation has  been  practiced  at  the  "Washington  Observatory 
since  1849,  The  wires  for  right  ascension  are  35  in  number, 
and  are  divided  into  groups  or  fas- 
cicles of  five  eaoh,  the  interval  be- 
tween two  wires  being  from  two 
to  three  seconds.  To  complete  a 
set  of  observations  on  any  one  fas- 
cicle requires  only  from  eight  to 
ten  seconds.  The  wires  for  differ- 
ences of  declination  are  also  33  in 
number,  and  are  arranged  in  groups 
of  five  each.  In  order  to  prevent 
any  confusion  between  observa- 
tions for  right  ascension  and  those  for  declination,  the  rule  is,  to 
observe  for  right  ascension  on  one  &scicle  of  wires  first ;  then, 
by  a  telegraphic  symbol,  to  denote  the  magnitude  of  the  star ; 
and  afterward,  to  observe  it  on  a  fascicle  of  inclined  wires  for 
declination.  The  several  fascicles  are  distinguished  from  each 
other  by  die  inequalities  of  the  intervals. 

ALTITUDE    AND    AZlllIUTH   INSTRUMENT. 

(137,)  The  altitude  and  azimuth  instrument  consists  of  one' 
graduated  circle  confined  to  a  horizontal  plane,  a  second  gradu- 
ated circle  perpendicular  to  the  former,  and  capable  of  being 
turned  into  any  azimuth,  and  a  telescope  firmly  fastened  to  the 
second  circle,  and  taming  with  it  in  altitude.  The  appearance 
of  diis  instrument  will  be  learned  from  the  following  figure. 

EE  are  two  legs  of  the  tripod  upon  which  the  instrument 
rests ;  and,  in  close  contact  with  the  tripod,  is  placed  the  azi- 
muth circle,  FF,  One  of  the  foot  screws  has  a  contrivance  for 
giving  a  very  slow  motion  to  this  foot.  This  detached  piece 
stands  on  two  sharp  points,  besides  the  end  of  a  screw,  which, 
together,  form  an  isosceles  triangle,  having  a  gutter  in  which 
one  foot  of  the  tripod  rests ;  and  the  slowness  of  the  adjustment 
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depends  on  the  distance  of  this  foot  from  the  two  projecting  pins* 
This  leg  of  the  tripod  is  designed  to  be  placed  either  to  the  north 
or  south.  Above  the  azimuth  circle,  and  concentric  with  it,  is 
placed  a  strong  circular  plate,  G-,  which  carries  the  whole  of  the 
upper  worl^,  and  also  a  pointer,  to  show  the  degree  and  nearest 
five  minutes  to  be  read  off  on  the  azimuth  circle ;  the  remain- 
ing minutes  and  seconds  being  obtained  by  means  of  the  two 
reading  microscopes,  C  and  D.  The  pilliurs  HH  support  the 
transit  axis,  I,  by  means  of  the  projecting  pieces,  LL.  The  tel* 
escope,  MM,  is  connected  with  the  horizontal  axis  in  a  manner 
similar  to  that  of  the  transit  instrument.  Upon  the  axis,  as  a 
centre,  is  fixed  the  double  circle,  NN,  each  circle  being  placed 
close  against  the  telescope.  The  circles  are  fisistened  together 
by  small  brass  pillars,  and  the. graduation  is  made  on  a  narrow 
ring  of  silver,  inlaid  on  one  of  the  sides,  which  is  usually  termed 
the  /ace  of  the  instrument.  The  reading  microscopes,  A6,  for 
the  vertical  circle  are  carried  by  two  arms,  PP,  attached  near 
the  top  of  one  of  the  pillars. 

In  the  principal  focus  of  the  telescope  are  stretched  spider 
lines,  as  in  the  transit  instrument,  and  the  illumination  is  ef- 
fected in  a  similar  manner. 

(128.)  Of  the  adjustments. 

The  horizontal  circle  is  first  to  be  leveled,  which  is  to  be  ef- 
fected in  the  same  manner  as  wilh  a  theodolite.  The  axis  of 
the  telescope  must  also  be  leveled,  as  in  the  transit  instrument, 
and  the  spider  lines  adjusted  for  collimation  and  verticality. 

The  meridional  point  on  the  azimuth  circle  is  its  reading 
-when  the  telescope  is  pointed  north  or  south,  and  may  be  de- 
termined by  observing  a  star  at  equal  altitudes  east  and  west 
of  the  meridian,  and  finding  the  point  midway  between  the  two 
observed  azimuths ;  or  the  instrument  may  be  adjusted  to  the 
meridian,  in  the  same  mcmner  as  a  transit.  The  horizontal 
point  of  the  altitude  circle  is  its  reading  when  the  axis  of  the 
telescope  is  horizontal,  and  may  be  found,  as  with  the  mural 
circle,  by  alternate  observations  of  a  star  directiy  and  reflected 
tram  the  surface  of  mercury. 

(129.)  This  instrument  has  the  advantage  over  the  transit 
instrument  and  mural  circle,  in  its  being  able  to  determine  the 
place  of  a  star  in  any  part  of  the  visible  heavens ;  but  we  ordi- 
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iiarily  require  tho  place  of  a  star  to  be  given  in  right  ascension 
and  declination,  and  not  in  altitude  and  azimuth,  and  to  de- 
duce the  one  from  the  other  requires  a  laborious  compotatioiL 
Hence  the  altitude  and  azimuth  instrument  is  but  little  used 
in  astronomical  observations,  except  for  special  purposes,  as,  fior 
example,  to  investigate  the  laws  of  refraction. 

The  use  of  this  instrument  has,  however,  been  recently  re- 
vived at  tho  Greenwich  Observatory.  In  the  year  1847,  an  at 
titudo  and  azimuth  instrument  was  erected,  having  its  horizon- 
tal and  vertical  circles  each  three  feet  in  diameter.  The  length 
of  the  telescope  is  5  feet,  and  the  aperture  of  its  object  glass  3} 
inchcH. 

(130.)  The  leading  object  in  view  in  the  erection  of  this  in- 
Htruinent  was  to  obtain  observations  of  the  moon  in  portions  of 
her  orbit  where  she  could  not  be  observed  on  the  meridian.  It 
frei|uently  hfip|)cnM,  from  the  unfavorable  state  of  the  weather, 
tliiii  llin  uumi  can  not  be  seen  when  she  is  on  the  meridian; 
and  filtliough  the  sky  may  be  perfectly  clear,  it  is  impossible  to 
mw  the  iiKMMi  on  the  meridian  for  several  days  before  and  after 
her  eoiijuncition  with  the  sun,  on  account  of  the  brightness  of  the 
ffoliif  riiyn.  Hut  with  the  new  altitude  and  azimuth  instrument 
it  In  found  that  the  uuxm  may  bo  observed  in  the  morning  and 
«iv(^nin^  when  she  is  only  an  hour  distant  from  the  sun.  In 
(he  yeiir  iHrH,  obm^rvations  of  the  moon  were  obtained  with  this 
inNtrunient  on  2()<S  dayn,  while  with  the  meridional  instrumentB 
it  wiiN  only  ohni^rvcul  1 10  days.  Mr.  Airy  considers  these  resoUs 
to  \m  Imrdly,  ir  at  all,  inferior  in  accuracy  to  those  obtained  by 
the  Mm)  of  the  mural  circle. 

SEXTANT. 

(It'll.)  The  arc  of  a  sextant,  as  its  name  imphes,  contains 
wixty  df»^nM^H,  but,  on  account  of  the  double  reflection,  is  divided 
into  lyO  de^nH»M.  Tho  figiire  on  the  opposite  page  represents  a 
Noxtant,  the  fnune  U^ing  generally  made  of  brass  or  other  hard 
metal ;  \\uy  handle,  II,  at  its  back,  is  made  of  wood.  When 
ohMfTvin^',  the  iuMtrument  is  to  bo  held  with  one  hand  by  the 
hamlli*,  while  tlu^  other  hand  moves  the  index,  G.  Tlie  ajrc, 
Ah,  in  dividiM  into  120  or  more  doprces,  numbered  from  A  to- 
wanl  H,  and  each  degree  is  divided  into  six  equal  parts  of  Kf 
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each,  whild  iha  Temier  shows  10".     The  diviaoiu  are  alao  caor 


tinned  a  short  distance  on  the  other  side  of  zero,  toward  A,  £>nn- 
ing  what  is  called  the  are  of  excess.  The  microscope,  H,  is 
niOTahle  about  a  centre,  and  may  be  adjusted  to  read  off  the  di- 
visiiHis  on  the  gradnated  limb.  A  tangent  screw,  D,  is  fixed  to 
the  index,  for  the  purpose  of  making  the  contacts  more  accu- 
rately than  can  be  done  by  hand.  When  the  index  is  to  be 
moved  any  considerable  distance,  the  screw  I  must  be  loosened ; 
and  when  the  index  is  brought  nearly  to  the  required  division, 
the  screw  I  mast  be  tightened,  and  the  index  be  moved  gradual- 
ly by  the  tangent  screw.  The  upper  end  of  the  index,  G-,  term* 
inates  in  a  circle,  across  which  is  fixed  the  silvered  index-glass, 
C,  over  the  centre  of  motioD,  and  perpendicular  to  the  plane  of 
the  instmment.  To  the  frame,  at  N,  is  attached  a  second  glass, 
called  the  horizon-glass,  the  lower  half  of  which  only  is  silvered. 
This  must  also  be  perpendicular  to  tho  plane  of  the  instrument, 
and  in  such  a  position  that  its  plane  shall  be  parallel  to  the 
l^ane  of  the  index-glass,  C,  when  the  vernier  is  set  to  zero  ca 
the  limb  AB. 
The  telescope,  T,  ia  carried  by  a  ring,  K,  attached  to  a  stem, 
G 
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which  can  he  raised  or  lowered  hy  taining  a  milled  screw.  Its 
use  is  to  place  the  telescc^  so  that  the  field  of  view  may  he  bi- 
sected by  the  line  on  the  horiztm-glass  that  separates  the  sihrer- 
ed  from  the  unsilvered  part.  In  the  telescq)e  are  placed  two 
wires,  parallel  to  each  other,  and  equidistant  from  the  centre  ol 
the  telescope. 

Poor  dark  glasses  of  different  depths  of  shade  and  color  are 
placed  at  P,  between  the  index  and  horizon  glasses ;  also  three 
more  at  E,  any  one  or  more  of  which  can  be  tamed  down,  to 
moderate  the  intensity  of  the  light  before  reaching  the  eye, 
when  a  bright  object,  as  the  son,  is  observed. 

(132.)  The  principal  adjustments  of  the  sextant  are  the  fol« 
lowing : 

1.  To  make  the  index^glass  perpendicular  to  the  plane  of 
the  sextant. 

Hove  the  index  forward  to  about  the  middle  of  the  limb; 
then,  holding  the  instrument  with  the  divided  limb  from  the  ob- 
server, and  the  index«glass  to  the  eye,  look  obliquely  down  the 
glass,  so  as  to  see  the  circular  arc  by  direct  vision  and  by  reflec- 
tion in  the  glass  at  the  same  time ;  and  if  they  appear  as  one 
continued  arc  of  a  circle,  the  index-glass  is  adjusted.  If  it  re» 
quires  correcting,  the  arc  will  appear  broken  where  the  reflected 
and  direct  parts  of  the  limb  meet.  As  the  glass  is,  in  the  first 
instance,  set  right  by  the  maker,  and  firmly  fixed  in  its  place, 
its  position  is  not  liable  to  alter,  except  by  violence ;  and  there- 
fore no  direct  means  are  supplied  for  its  adjustment. 

2.  To  set  the  horizon-glass  perpendicular  to  the  plane  of  the 
sextant. 

Screw  in  the  telescope,  T,  and  point  it  toward  a  star.  Move 
the  index  arm  backward  and  forward  past  the  zero  of  the  limb| 
and  if  the  two  images  of  the  star  do  not  exactly  coincide  in  pass- 
ing  one  another,  turn  a  screw  at  the  top  or  bottom  of  the  hori« 
zon-glass,  N,  until  this  coincidence  is  efiected. 

3.  To  find  the  index  error. 

When  the  zero  on  the  index  is  set  to  zero  on  the  limb,  the 
horizon  and  index  glasses  should  be  parallel ;  and  if  the  tele- 
scope bo  directed  to  a  star,  the  two  images  should  exactly  coin- 
c*idc.  If  the  two  images  do  not  coincide,  this  deviation  consti- 
tutes what  is  called  the  index  error.     The  amount  of  the  index 
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orror  may  be  found  in  the  following  manner :  Clamp  the  index 
at  about  30  minutes  to  the  left  of  zero,  and,  looking  toward  the 
sun,  the  two  images  will  appear  either  nearly  in  contact,  or  over- 
lapping each  other.  Then  perfect  the  contact  by  moving  the 
tangent  screw,  and  call  the  minutes  and  seconds  denoted  by  the 
vernier,  the  reading  on  the  arc.  Next  place  the  index  about  the 
same  quantity  to  the  right  of  zero,  or  on  the  arc  of  excess,  and 
make  the  contact  of  the  two  images  perfect,  as  before,  and  call 
the  minutes  and  seconds  dn  the  arc  of  excess,  the  reading  ojf  the 
arc.  Half  the  difference  of  these  numbers  is  the  index  error ; 
additive  when  the  reading  on  the  arc  of  excess  is  greater  than 
that  on  the  limb,  and  subtractive  when  the  contrary  ia  the  case. 

Example. 

Reading  on  the  arc 31^  5&^ 

Reading  off  the  arc 31  22 

Difference 0^  34^ 

Index  error =—0^17' 


1/^ 

T77 


In  this  case,  the  reading  on  the  arc  being  greater  than  that 
on  the  arc  of  excess,  the  index  error  (17^^)  must  be  subtracted 
firom  all  observations  taken  with  the  instrument,  until  it  is  found, 
by  a  similar  process,  that  the  index  error  has  changed. 

4.  To  set  the  axis  of  the  telescope  parallel  to  the  plane  of  the 
sextant. 

There  are  two  parallel  wires  on  opposite  sides,  and  equidis- 
tant from  the  centre  of  the  field  of  the  telescope,  and  these  arc 
usually  crossed  by  two  others.  Turn  cither  pair  around  until 
they  are  parallel  to  the  plane  of  the  instrument.  Select  two 
stars  distant  from  each  other  90^  or  more,  and  bring  them  into 
contact  just  at  the  wire  of  the  telescope  which  is  nearest  the 
plane  of  the  sextant.  Fix  the  index,  and  alter  the  position  of 
the  instrument  so  as  to  make  the  objects  appear  on  the  other 
wire.  K  tiie  contact  still  remains  perfect,  the  axis  of  the  tele- 
scope is  in  proper  adjustment ;  if  not,  it  must  be  altered  by 
moving  the  two  screws  which  fasten,  to  the  up-and-down  piece, 
the  collar  into  which  the  telescope  screws.  This  adjustment  is 
not  very  liable  to  be  deranged. 

(133.)  To  measure  the  altitude  of  the  sun  by  reflection  from 
mercury.  j^ 
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Set  the  index  near  zero.  Hold  the  instrument  with  the  right 
hand  in  the  vertical  plane  of  the  sun,  toward  which  the  tele- 
scope should  be  pointed.  Two  images  will  be  seen  in  the  field 
of  view,  one  of  which,  viz.,  that  formed  by  reflectioui  will  ap 
parently  move  downward  when  the  index  is  pushed  forward. 
Follow  the  reflected  image  as  it  travels  downward,  imtil  it  ap- 
pears to  be  as  far  below  the  horizon  as  it  was  at  first  above,  and 
the  image  of  the  sun,  reflected  from  the  mercury,  also  appears 
in  the  field  of  view.  Fasten  the  index,  and,  by  means  of  the 
tangent  screw,  bring  the  upper  or  lower  limb  of  the  sun's  im- 
age, reflected  from  the  index-glass,  into  contact  with  the  oppO' 
site  Umb  of  the  image  reflected  firom  the  artificial  horizon,  lakii^ 
(*.are  that  the  images  shall  be  midway  between  the  parallel  wires. 
'  The  angle  shown  on  the  instrument,  when  corrected  for  the  in- 
(lex  error,  will  be  double  the  altitude  of  the  sun's  limb  above  tfaa 
horizontal  plane ;  to  the  half  of  which,  if  the  scmidiameteri  re- 
fraction, and  parallax  be  applied,  the  result  will  be  the  true  alti- 
tude of  the  centre. 

In  making  this  observation,  the  observer  should  move  the  in- 
strument round  to  the  right  and  left  a  little,  making  the  axis 
of  the  telescope  the  centre  of  motion.  By  this  movement,  the 
image  reflected  from  the  index-glass  may  be  made  to  sweep  the 
arc  of  a  circle,  and  will  pass  and  repass  the  image  seen  in  the 
mercury.  The  altitude  of  a  star  can  be  measured  in  the  same 
way  as  the  sun,  but  in  this  case  there  will  be  no  correction  for 
parallax  or  semidiameter  to  be  applied. 

(134.)  To  take  an  altitude  of  the  sun  by  means  of  the  not* 
nral  horizon. 

If  the  observer  is  at  sea,  the  natural  horizon  must  be  employed. 
Direct  the  sight  to  that  part  of  the  horizon  beneath  the  sun,  and 
move  the  index  till  you  bring  the  image  of  its  lower  limb  to 
touch  the  horizon  directly  underneath  it ;  but  as  this  point  can 
not  be  exactly  ascertained,  the  observer  should  move  the  instru* 
mcnt  round  to  the  right  and  left  a  little,  making  the  axis  of  the 
telescope  the  centre  of  motion.  By  this  means  the  sun  will  ap- 
pear to  swec])  the  horizon,  and  must  be  made  to  touch  it  at  the 
lowest  jx)int  of  the  arc. 

(135.)  To  find  the  distance  between  the  moon  and  mil,  or 
between  the  moon  and  a  star. 
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Hold  tha  sextant  so  that  its  plane  may  pass  throngh  the  sun 
and  moon.  If  the  son  he  to  the  right  hand  of  the  moon,  the 
sextant  is  to  be  held  with  its  faoe  upward ;  if  to  the  left  hand, 
the  face  is  to  be  held  downward.  "With  the  instrument  in  this 
position,  look  directly  at  the  moon  through  the  telescope,  and 
move  the  index  forward  till  the  sun's  image  is  brought  nearly 
into  contact  with  the  moon's  nearest  limb.  Fix  the  index  by 
the  screw  under  the  sextant,  and  make  the  contact  perfect  by 
means  of  the  tangent  screw.  At  the  same  time,  move  the  sex- 
tant slowly,  making  the  axia  of  the  telescope  the  centre  of  mo- 
tion ;  hy  which  means  the  ohjeots  will  pass  each  other,  and  the 
ramtaot  be  more  accurately  made ;  observing  that  the  point  of 
contact  of  the  limbs  must  always  be  observed  in  the  middle, 
between  the  parallel  wires.  The  index  mil  then  point  out  the 
distance  of  the  nearest  limbs  of  the  sun  and  moon.  In  a  simi- 
lar manner  may  we  measure  the  distance  between  the  moon 
and  a  star. 


PRISMATIC    SEXTANT   OF    PIS- 
TOR    AMD    MARTINS. 

(136.)  A  new  form  of  sex- 
tant, constructed  by  Pistor 
and  Hartins,  Berhn,  Pms- 
sia,  is  represented  in  the  an- 
nexed figure.  It  differs  in 
several  important  particu- 
lars from  the  common  sex- 
tant. 

1.  It  measures  any  angle 
up  to  180°.  Hence  double 
altitudes  of  objects  near  the 
zenith  can  be  taken  with 
it  The  common  sextant  is 
limited  to  about  60°  as  the 
maximum  of  altitude.  The 
limb  of  the  instrument  is 
oae  third  of  a  circle,  and 
is  graduated  &om  zero,  to- 
ward the  left,  up  to  140°, 
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like  other  sextants.  The  gradaation  stops  at  140^,  because  near 
this  point  the  prism  B  interferes  with  the  rays  which  should 
reach  the  mirror  A  from  the  object ;  and  beyond  140^  the  ob- 
ject becomes  invisible  in  this  position  of  the  sextant. 

For  angles  greater  than  140^,  the  graduation  begins  again  at 
the  left  extremity  of  the  limb  with  110^,  and  increases  toward 
the  right  up  to  180^.  When  an  observation  is  made  on  this 
part  of  the  limb,  the  face  of  the  sextant  is  turned  in  the  contrary 
direction  from  what  it  had  in  the  former  observations,  and  the 
prism  B  no  longer  interferes  with  vision.  But  near  180^  the 
head  of  the  observer  obstructs  the  rays  from  the  object ;  to  ob> 
viate  which  inconvenience,  a  diagonal  eye-prism,  E,  is  adapted 
to  the  eye-piece  of  the  telescope,  to  be  used  in  measuring  an^es 
near  ISO^. 

2.  In  place  of  the  common  horizon-glass  is  substituted  a  red* 
angular  prism j  B,  the  diagonal  face  of  it  forming  a  mirror,  as 
explained  in  Art.  12. 

8.  Rays  from  the  object  seen  directly,  come  to  the  telescope 
without  passing  through  any  medium,  such  as  the  unsilvered 
part  of  an  horizon-glass.  Both  the  reflected  and  direct  images 
are  much  better  defined  than  is  usual  in  other  instruments. 

4.  The  index  mirror j  A,  is  so  attached  as  to  admit  of  ready 
reversal  for  determining  the  error  arising  from  want  of  parallel- 
ism of  its  surfaces.  Unlike  other  sextants,  it  receives  the  rajrs 
of  light  mosi  obliquely  when  the  index  is  at  zero.  In  measnr* 
ing  large  angles  there  is  no  confusion  or  multiplicity  of  images, 
and  objects  appear  distinct  and  well-defined  in  every  poeition 
of  the  index-glass. 

5.  The  colored  glasses,  C,  which  are  semicircles^  are  placed 
between  the  telescope  and  horizon-glass,  and  are  attached  to  an 
axis,  admitting  of  easy  reversal.  By  this  contrivance  the  effect 
of  any  want  of  parallelism  in  their  surfaces  is  entirely  obviated. 

6.  A  revolving  disk,  containing  several  colored  glasses  of  dif- 
ferent shades,  is  adapted  to  the  eye  end  of  the  telescope,  to  be 
used  in  taking  double  altitudes  of  the  sun. 

7.  The  instrument  here  described  is  6  inches  radius,  and  the 
vernier  reads  to  10'^  The  graduation  is  very  clear,  and  the  ar* 
rangcmcnt  of  the  reading  microscope  and  ground-glass  screen 
(omitted  in  the  figure)  such  that  the  divisions  are  nearly 
easily  read  by  lamplight  as  by  daylight 


SBrsATiiro  Circle. 


BSPEATIKa    CIRCLE. 


(137.)  The  repeatii^  oirole  bears  some  Tesemblanoe  to  the  al- 
titude and  azimnth  instruniflDt  described  on  page  93,  bnt  it  has 
some  peculiarities  of  oonstruotioD,  and  the  mode  of  using  it  is 
peooliar.     The  following  figare  represents  a  repeatiog  circle,  aa 


employed  by  Borda.  The  instrament  rests  upon  a  strong  tripod, 
widi  feet  screws,  AAA ;  and  a  steel  spindle,  about  15  inches 
kmg,  has  one  end  inserted  into  the  middle  of  the  tripod,  to  which 
it  is  perpendicolar.  A  hollow  brass  pillar,  D,  turns  &eely  round 
tliia  spindle,  and  sustains  the  weight  of  the  upper  circle,  with 
ita  telescopes. 


104  Practical  Astrohomt. 

The  azimuth  circle,  BB,  is  omnected  with  the  pillar,  and  to> 
vdves  with  it,  while  the  divisions  are  read  by  a  vernier  attached 
to  the  tripod*  A  screw  ajqiaratos  at  C,  attached  to  one  of  the 
branches  of  the  tripod,  damps  the  azimuth  ciide,  or  allows  it  a 
quick  or  slow  moticMi  at  pleasure. 

To  the  top  of  the  pillar,  D,  is  fixed  a  horizcMital  brass  bar, 
with  two  supporters  at  right  angles  to  it,  in  the  tops  of  which  are 
centered  the  ends  of  a  horizontal  axis,  round  which  the  whde  of 
the  upper  part  of  the  instrument  may  be  turned,  so  as  to  bring 
the  plane  of  the  circle  into  any  position  which  may  be  required. 
The  centre  work  of  the  upper  circle,  EE,  is  made  £Eist  to  the 
middle  of  the  horizcmtal  axis,  which  it  crosses  at  right  ang^ ; 
and  at  its  remote  end  is  placed  a  counterpoise,  which  balances 
the  circle  and  telescopes.  The  circle,  EE,  has  an  index  with 
four  branches,  whose  verniers  subdivide  the  circle  to  1(K^. 

The  instrument  has  two  telescopes,  GG%  HH^,  one  in  front 
of  the  circle  and  the  other  behind  it ;  and  parallel  to  the  latter 
is  placed  the  level,  K.  The  front  telescope  moves  freely  on  a 
q)indle,  within  the  axis  of  the  circle.  The  back  telescope  is  a 
little  below  the  axis  of  the  circle,  while  the  level  is  a  little  above 
it,  and  both  revolve  on  a  collar  which  works  on  the  outside  of 
that  axis.  These  can  bo  fixed  in  any  position  by  a  clamp,  which 
embraces  the  back  edge  of  the  circle.  The  circle  turns  freely 
about  its  axis,  carr}'ing  telescopes,  level,  etc.,  without  altering 
their  position  in  respect  to  itself.  There  is  a  clamp  for  fixing 
the  circle,  and  a  tangent  screw  for  slow  motion. 

(138.)  By  means  of  the  two  motions  round  a  vertical  and  hori- 
zontal axis,  the  plane  of  the  circle 
may  bo  made  to  pass  throu^ 
any  two  points  whose  angular 
s  distance  is  required  to  be  mea»> 
ured.  Let  P  and  S  represent 
two  objects  whose  distance  from 
each  other  is  to  be  measured,  and 
let  GNH'  represent  the  circle  ad- 
justed, so  that  its  plane  passes 
through  theiii.  Fix  the  front 
telescope,  HH',  at  tlio  zero  of  the  graduation  in  H,  and  turn  the 
circle  about  its  axis  until  the  telescope  HH'  is  directed  exactly 
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upon  the  object  S.     Clamp  the  circle  in  this  position,  and  point 
the  back  telescope,  GGP,  upon  the  object  P.     The  angle  PCS 
will  be  measured  by  the  arc  GH,  intercepted  between  tiie  lines 
CP  and  CS.     Unclamp  the  circle,  and  turn  it  until  the  back 
telescope,  GG^,  is  pointed  toward  S.     The. front  telescope  will 
now  come  into  the  position  CL ;  the  zero  of  the  graduation, 
which  was  before  at  H,  will  be  removed  to  L.     Again  clamp  the 
circle,  release  the  front  telescope,  and  direct  it  toward  the  object 
P.     The  arc  GHL  will  be  twice  the  arc  required  to  be  measured. 
Repeat  this  double  observation,  starting  again  from  the  point  G ; 
that  is,  turn  the  circle  with  its  two  telescopes  until  the  front  tel- 
escope is  pointed  upon  the  object  S.     The  zero  of  the  graduation 
will  now  be  found  at  M.     Detach  the  back  telescope,  and  point 
it  again  upon  the  object  P ;  the  arc  GM  wiU  be  three  times  the 
arc  GH.     Unclamp  the  circle,  and  turn  it  until  the  back  tele- 
scope is  pointed  upon  S ;  the  zero  of  the  graduation  will  now  be 
found  at  N.     Again  clamp  the  circle,  release  the  front  telescope, 
and  direct  it  toward  the  object  P.     The  arc  GN,  which  may  be 
read  upon  the  limb,  will  be  four  times  the  arc  required.     By  re- 
peating the  observation  ten  times,  we  shall  obtain  ten  times  the 
angle  sought.     It  is  not  necessary  to  read  the  graduation  after 
each  observation ;  it  is  sufficient  to  read  the  resulting  are  after 
the  observations  are  concluded,  and  divide  the  final  arc  by  the 
number  of  observations. 

(189.)  Suppose  these  ten  observations  should  bring  the  front 
telescope  back  to  the  zero  of  the  graduation  from  which  we 
started,  then  each  arc  would  be  equal  to  36^  ;  and  this  result 
would  not  be  affected  by  any  error  in  the  graduation  of  the  cir- 
cle. It  is  not  to  be  expected  that  the  telescope  will,  in  practice, 
be  brought  round  exactly  to  the  zero ;  but  it  should  be  brought 
round  as  near  to  zero  as  can  be  done  by  the  continued  repeti- 
tion of  the  angle  PCS ;  then,  dividing  the  result  by  the  number 
ot  repetitions,  the  effect  of  any  error  in  the  graduation  of  the 
circle  will  be  greatly  diminished,  if  not  entirely  destroyed. 

In  a  similar  manner  may  the  zenith  distance  of  any  celestial 
body  be  measured,  by  employing  the  spirit-level  attached  to  the 
back  telescope  to  indicate  a  horizontal  line. 

(140.)  The  chief  advantage  contemplated  in  the  invention  of 
the  repeating  circle  was  the  annihilation  of  errors  of  graduation ; 
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but  the  great  improvements  which  have  been  made  in  recent 
years  in  graduating  circles  have  rendered  this  an  object  of  minor 
importance,  while  this  instmment  is  liable  to  some  serioos  errors 
of  its  own,  so  that  the  repeating  circle  is  at  present  moch  less 
used  than  formerly. 


THE  DIURNAL  MOTION. 

(141.)  IP(  Upon  a  clear  evening,  we  csrefally  watoh  the  ap- 
pearance of  the  heavenly  bodies  for  a  sufficient  period,  we  shall 
find  that  they  slowly  change  their  places  with  respect  to  the  ho-  ' 
lizoo.  Each  star  appears  to  describe,  as  far  as  its  course  lies 
above  the  horizon,  a  circle  in  the  sky ;  but  these  circles  are  not 
all  of  die  same  magnitudB,  The  apparent  relative  situations  of 
the  stars  among  each  other  remain  unchanged ;  but  all  the 
stars  seem  to  revolve  with  a  uniform  motion  from  east  to  west, 
as  if  they  were  attached  to  the  internal  surface  of  a  vast  hollow 
sf^ere,  having  the  spectator  in  its  centre,  and  turning  around 
an  axis  inclined  to  the  horizon,  so  as  to  pass  through  a  fixed 
point  called  the  pole.  This  apparent  rotation  of  the  heavens  is 
called  the  diurnal  motion. 

(143.)  Let  C  be  the  place  of  the  spectator,  Z  his  zenith,  and 
N  his  nadir.  Let  PCP'  be  the 
axis  about  which  the  diurnal 
motion  is  apparently  performed, 
F  the  elevated  pole,  and  f  the 
depressed  pole  of  the  heavens. 
Then  HMO,  a  great  circle  of  the  i 
^^re,  whose  poles  are  Z  and  N, 
will  be  his  celestial  horizon,  PO 
will  be  the  altitude  of  the  pole, 
OPZEH  will  be  his  meridian; 
and  ELQ,  a  great  circle  perpen- 
dicnlar  to  PP',  will  be  the  celestial  equator.  Also,  if  S  repre- 
sents the  position  of  any  star,  and  FSP'  be  a  great  circle  passing 
ihrongh  it,  then  LS  will  be  the  declination,  and  PS  the  polar 
distance  of  the  star,  and  BSD  will  be  the  diurnal  circle  it  will 
^ipear  to  describe  about  the  pole.  0  and  H  are  the  north  and 
south  points,  e  and  to  are  the  east  and  west  points  of  the  hori- 
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zon.  Also,  if  we  draw  the  vertical  circle  ZSMN,  OM  will  be 
the  azimuth  of  the  star,  reckoned  firom  the  north  point,  MS  its 
altitude,  and  ZS  its  zenith  distance. 

The  angle  ZPS,  which  the  circb  PSP'  makes  with  the  me- 
ridian PZP^,  is  called  the  hour  angle  of  the  star  S. 

(143.)  The  circles  thus  drawn  form  a  number  of  spherical 
triangles,  the  relations  of  whose  sides  and  angles  may  be  de- 
termined by  spherical  trigonometry.  When  the  place  of  only 
one  celestial  object  on  the  sphere  is  concerned,  it  may  be  de- 
termined from  the  triangle  PZS. 

In  the  triangle  PZS,  Z  represents  the  zenith,  P  the  elevated 
pole,  and  S  the  star,  sun,  or  other  celestial  object.  In  this  tri- 
angle the  sides  are,  1st.  PZ,  which,  being  the  complement  of 
PO,  the  altitude  of  the  pole,  is  the  complement  of  the  latitude 
of  the  place,  and  is  called  the  co4atitude ;  2d.  PS,  the  polar 
distance,  or  the  complement  of  the  declination  of  the  star ;  and, 
3d.  ZS,  the  zenith  distance,  which  is  the  complement  of  the  al* 
titude  of  the  star.  If  the  object  be  situated  on  the  side  of  the 
equator  opposite  to  that  of  the  elevated  pole,  PS  will  be  greater 
than  90°. 

In  the  same  triangle  the  angles  are,  1st.  ZPS,  :the  hour  angle 
of  the  star  from  the  meridian ;  2d.  PZS,  which  is  the  azimuth 
of  the  star  measured  from  the  north  point,  and  is  the  supplement 
of  HZS,  the  azunuth  measured  from  the  south  point ;  and,  3d. 
The  angle  PSZ,  which  is  called  the  parallactic  angle. 

The  sides  and  angles  of  this  triangle,  therefore,  represent  the 
following  six  astronomical  magnitudes :  1st.  The  co-latitude  of 
the  place  of  observation ;  2d.  The  polar  distance  of  the  star ; 
3d.  Its  zenith  distance ;  4th.  Its  hour  angle ;  5th.  Its  azimuth 
from  the  north  point ;  and,  6th.  Its  parallactic  angle ;  and  when 
any  three  of  these  magnitudes  are  given,  the  others  may  be 
computed. 

Problem. 

(144.)  To  find  the  altitude^  azimuth^  and  parallactic  angle 
of  a  star  J  its  polar  distance  and  hour  angle  being  given^  as 
well  as  the  latitude  of  the  place. 

Let  P  be  the  pole,  Z  the  zenith,  S  the  place  of  the  star,  and 
HO  the  horizon. 
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Then 
PO=:the  latitude,  which  we 

will  represent  by  <p ; 
PZ=the  co-latitude=9O°-0; 
PS = the  polar  distance  of  the 
star; 

=90°— d,  where  S  represents  the  star's  declination ; 
ZS= zenith  distance  of  the  star,  which  we  represent  by  Z ; 
ZPS=the  star's  hour  angle,  which  we  represent  by  P ; 
PZS=the  azimuth  of  the  star,  counted  from  north,  which  we 

represent  by  A. 
In  the  spherical  triangle,  PZS,  are  given  two  sides,  PS  and 
PZ,  with  the  included  angle,  to  find  the  other,  parts. 

Let  fall  the  perpendicular  SM  upon  PZH  ;  then,  by  Napier's 
ralci 

E.  COS.  P=tang.  PM  cot.  PS. 
Therefore,        tang.  PM=cos.  P  tang.  PS 

=cos.  Pcot.  d (1) 

But  ZM=PM-PZ 

=PM+^-90^. 
Then,  by  Trig.,  Art.  216, 

sin.  PM  :  sin.  ZM ::  tang.  SZM  :  tang.  SPM ; 
that  is,    sin.  PM  :  cos.(PM +^) ;:  tang.  A  :  tang.  P ; 

::cot.  P  :cot.  A (2) 

Also,  Trig.,  Art.  216, 

COS.  PM  :  COS.  ZM ::  cos.  SP  :  cos.  SZ ; 

that  is,    cos.  PM  :  sin.(PM+^)  ::sin.  6 :  cos.  Z (3) 

Also,     sin.  ZS  :  sin.  P  ::  sin.  PZ  :  sin.  PSZ ; 
that  is,    'sin.  Z  :  sin.  P ::  cos.  ^  :  sin.  parallactic  angle   .  (4) 

When  the  star'has  south  declination,  cot.  6  in  Eq.  1  will  be 
negative,  and  PM  must  be  taken  in  the  second  quadrank 

JEx.  1.  Find  the  altitude,  azimuth,  and  parallactic  angle  of 
Aldebaran  (Dec.  16°  13^  N.),  to  an  observer  at  New  York, 
latitude  40°  42'  N.,  when  the  star  is  three  hours  east  of  the 
meridian. 

By  equation  (1), 

COS.  45°  =9.849485 

cot.  16^  13^  =0.536342 

PM  =s     67°  38'  Sr'  tang. = 0.385827 
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By  equation  (2), 

PM+^=  108<^20'3r'      oo8.=9.497879 

oot  P=O.OOCOOO 

coeeo.  PM= 0.033941 

Azimuth=S.  71<^  12^  30"  E.  cot=9.531820 

By  equation  (3), 

sin.  (PM+^)= 9.977356 

sin.  d= 9.446025 

sec.  PM= 0.419767 

Zenith  distance=     45^  49'  27"       oos.=9.843148 

or       Altitude  =     44^10^33" 

By  equation  (4), 

sin.  45^=9.849485 

cos.  ^=9.879746 

cosec.  Z= 0.144357 

Parallactic  angle  =     48°  22'  sin. = 9.873588 

Ex.  2.  Find  the  altitude  and  azimuth  of  Begulus  (Deo.  12^ 
42'  N.),  to  an  observer  at  Washington,  latitude  38^  53'  N.,  when 
the  hour  angle  of  the  star  is  3h.  15m.  20s.  W. 

Ans.  Its  altitude  =      39°  38'    0", 

azimuth =S.  72°  28'  14"  W. 

Ex.  3.  Find  the  altitude  and  azimuth  of  Fomalhaut  (Deo. 
30°  25'  S.),  to  an  observer  at  Cambridge,  latitude  42«>  22^  N., 
when  the  hour  angle  of  the  star  is  2h.  5m.  36s.  E. 

Ans.  Its  altitude  =      11°  41^  37"% 

azimuth =S.  27<^  18'  40"'  E. 

Ex.  4.  Find  the  altitude  and  azimuth  of  a  Ursce  Majoria 
(Dec.  62^  33'  N.),  to  an  observer  at  Philadelphia,  latitude  39^ 
57'  N.„when  the  hour  angle  of  the  star  is  5h.  17m.  40s.  E. 

Ans.  Its  altitude  =      39°  24% 
z  azimuth =N.  35°  54'  B. 

(145.)  When  only  the  parallactio 
angle  is  required,  it  may  be  com* 
puted  without  finding  the  altitade 
or  azimuth,  as  follows : 

Draw  ZN  perpendicular  to  PS^ 
and  represent  PN  by  x.    Then,  by  Napier's  rule, 
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R.  COS.  P=tang.  PN  cot.  PZ, 
or  COS.  P=tang.  x  tang.  ^ ; 

that  isy  tang.  2;=oos.  P  cot.  0 (1) 

Again,  by  Spher.  Trig.,  Art.  216, 

sin.  NS :  sin.  PN  ::  tang.  P :  tang.  S, 

sin.  PN  tang.  P    sin.  x  tang.  P         .^. 
or     tang.  par.  ang.=       ^^     =cos.(x4)     '  '  <^^ 

Example.  Required  the  parallactic  angle  for  Washington  Ob- 
servatory, latitude  38°  53^  33'^,  the  moon's  hour  angle  being  50° 
and  Declination  21°  N. 

By  formula  (1), 

cot.  ^=0.093297 

COS.  P= 9^808067 

a;=38o  32^  55''  tang. =9.901364 

By  formula  (2), 

sin.  re =9.794612 

tang.  P= 0.076186 

sec.  59°  32^  55^'  =  0.295157 

Par.  angle =65°  41^  24^^  tang. =0.165955 

As  the  parallactic  angle  is  frequently  required  in  many  com- 
putations. Table  XVII.  has  been  constructed  for  Washington  Ob- 
servatory by  the  preceding  method,  except  that  instead  of  the 
geographical  latitude,  the  geocentric  latitude,  88°  42^  25^^,  has 
been  used.     See  Art.  208. 

(146.)  Corollary.  By  the  same  method  we 
may  compute  the  distance  between  two  stars 
whose  right  ascensions  and  declinations  are 
known. 

Let  P  be  the  pole,  and  S  and  S^  two  stars 
whose  places  are  known.  Then  PS  and  PS'  will 
represent  their  polar  distances,  and  SPS^  will  be 
the  difference  of  their  right  ascensions.  Draw 
SH  perpendicular  to  PS^  produced.     Then 

R.  COS.  P=tang.  PM  cot.  PS. 

Therefore,       tang.  PM=cos.  P  tang.  PS. 

Also,  S^M=PM-PS^ 

And        COS.  PM :  cos.  S'M : :  cos.  PS :  cos.  S^S. 

Ex,  1.  Required  the  distance  from  Aldebaran,  R.  A.  4h,  27m. 
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25.94s.,  Polar  distance  73°  47"  33'^3,  to  Sirius,  E.A.  6h.  38in. 
37.62s.,  Polar  distance  106°  31"  1"".8. 

P=2L  11m.  11.68s.=  32°  47"  65"".2  cos. =9.9245786 

PS =106°  31"    r".8  tang. =0.5279175 

PM  =  109°  25'  54"".55  tang. =0.4524961 
PS"=  73Q  47"  33"".3 

S'M=  350  38'  21"".25  COS. =9.9099313 

PS=106o  31"    1"".8  COS. =9.4537809 

PM=109o25"54"".65  sec. =0.4779669 

SS'=  46°    0"42"".3.  COS. =9.8416791 

Ex.  2.  Required  the  distance  from  Begolus,  B.  A.  lOh.  Qm. 
29.11s.,  Polar  distance  77°  18'  41"".4,  to  Antares,  R.  A.  16L 
20m.  20.36s.,  Polar  distance  116°  5"  65"".5. 

Ans.  990  55'  44"".9. 

Problem. 

(147.)  To  find  the  altitude  and  azimuth  of  a  star  when  it 
is  six  hours  from  the  meridian. 

z  If  the  star  S  be  six  hours  from  the 

meridian,  then  the  angle  ZPS=90° ; 
the  hour  circle,  PE,  intersects  the 
horizon  in  the  cast  point,  E ;  and 
the  angle  PEO  is  equal  to  the  lati* 
"S  tude  of  the  place.  Draw  the  verti- 
cal circle  ZSM.  Then,  in  the  right-angled  spherical  triangle 
ESM,  by  Napier's  rule, 

R.  sin.  SM=sin.  E  sin.  ES; 

tliat  is,  sin.  altitude =sm.  <*>  sin.  6 (1) 

Also,                  R.  COS.  E  =tang.  EM  cot.  ES ; 
that  is,                tang.  EM.=tang.  ES  cos.  E, 
or  cotang.  act  mi// A  =  tang.  6  cos.  ^ (2) 

Ex.  1.  In  Lat.  41°  18'  N.,  when  the  sun  has  18^  25'  N.  deoli* 
nation,  what  is  his  altitude  and  azimuth  at  six  o'clock  in  the 
morning  ? 

By  formula  (1), 

sin.  41°  18'  =9.819545 

sin.  18°  25'  =9.499584 

Altitudo=     12°    2"  6""  8in.=9.319129 
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By  formula  (2), 

tang.  18°  85'  =9.522417 

008.41^18^  =9.875793 

Azimuth=N.  75°  57^^  19^'  E.  cot.=9.398210 

Ex,  2.  Find  the  altitude  and  azimuth  of  Regulus  (Dec.  12° 
42^  N.)  to  an  observer  at  Philadelphia,  Lat.  39°  57'  N.,  when  the 
star  is  six  hours  past  the  meridian. 

ilTW.  Its  altitude  =        8°    6' 56'', 

azimuth=N.  80°  11'  54"  W. 

Ex.  3.  Find  the  altitude  and  azimuth  of  Capella  (Dec.  45° 
SC  N.)  to  an  observer  at  Cambridge,  Lat.  42°  22'  N.,  six  hours 
before  the  star  comes  to  the  meridian. 

Ans.  Its  altitude  =     28°  54'  23", 
azimuth=N.  52°  44'  28"  B. 

« 

Problek. 

(148.)  To  find  the  altitude  and 
hour  angle  of  a  star  when  it  is  upon 
the  prime  vertical. 

Let  ZSE  be  the  prime  vertical, 
and  S  the  position  of  the  star.  Draw 
the  hour  circle  PS.  The  angle  PZS 
vrili  be  a  right  angle,  and  we  shall  have,  by  Napier's  rule, 

R.  COS.  P=tang.  PZ  cot.  SP ; 
that  is,  COS.  P=cot.  <t>  tang  6 (1) 

Also,  R.  COS.  SP=cos.  SZ  cos.  PZ» 

COS.  SP 


or  COS.  SZ  = 


COS.PZ' 


that  is,  sin.  altitttde^-r-^— (2) 

sm.^  ^ 

Ex.  1.  Find  the  altitude  and  hour  angle  of  Aldebaran  (Dea 
16°  13'  N.)  when  it  is  exactly  east  of  an  observer  at  New  York, 
Lat  40°  42'  N. 

By  formula  (2), 

sin.  16°  13'  =9.446025 

sin.  40°  42'  =9.814313 

Altitude =25°  21'  27"  sin. =9.631712 

II 
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By  fonnula  (1)^ 

tang.  160  13^  =9.463658 

oot.  40°  42"  =0.065433 

70°  14'  12'"  COS. =9.529091 
=41l  40m.  56.8s. =h0ar  an^e. 
Ex.  2.  Find  the  altitade  and  hoar  angle  of  Vega  (Dec.  38^ 
38'  N.),  when  it  is  exactly  west  of  an  observer  at  Cambridgei 
Lat.  42°  22^  N. 

Ans.  Altitude     =  67<^  53'  37", 
Hour  angle=lh.  55m.  12b. 

Problem. 

(149.)  To  find  the  amplitude  and  hour  angle  of  a  star  when 
it  is  in  the  horizon. 

Let  PEP'  represent  the  hour  cirdo 
which  is  six  hours  from  the  meridiaiif 
and  which  intersects  the  horizon  in 
the  east  point,  E.  Let  S  or  8'  he 
the  position  of  a  star  in  the  horixoii, 
and  through  S  draw  the  hour  oiide 
PSP' ;  also,  through  S'  draw  the  ham 
circle  PS'P'.  Then,  in  the  right-an- 
gled spherical  triangle  EMS  or  EM19^, 
EM  or  EM'=the  distance  of  the  star  from  the  six  o'docA 

hour  circle ; 
MS  or  M'S'=the  star's  declination; 
ES  or  ES'=the  star's  amplitude ; 

=the  complement  of  the  star's  azimuth ; 
MES=M'ES'=the  complement  of  the  latitude. 
Now,  by  Napier's  rule, 

R.  sin.  MS = sin.  ES  sin.  MES, 
or  sin.  ES=sin.  MS  cosec.  MES; 

that  is,    sin.  amplitude = cos.  azimuth =sin.  6  sec.  ^  .  .  (1) 
Also,         R.  sin.  EM = tang.  MS.  cot.  MES, 

or  sin.  EM=tang.  6  tang.  ^ (2) 

P=6  hours  =fEM, 
where  P  represents  the  time  from  the  star's  rising  to  its  passing 
the  meridian. 
Ex.  1.  Find  the  amplitude  and  hour  angle  of  Arcturus  (Deo. 
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19^  57'  N.)  when  it  rises  to  an  observer  at  New  York,  Lat.  40^ 

By  formula  (1), 

sin.  19^  67'  =9.533009 

8ec.40o42'  =0.120254 

AnipUtude=E.  26°  44'  49"  N.  sin.  =9.653263 
or  Azimuth    =N.  63^  15'  11"  E. 

By  formula  (2), 

tang.  19^  57'  =9.559885 

tang.  40^  42'  =9.934567 

EM = 18°  11'  34"       sin.  =  9.494452 
Henoe  the  hour  angle =7h.  12m.  46.3s.  < 
*  Ex.  2.  Find  the  hour  angle  and  amplitude  of  Antares  (Deo. 
26<>  6'  S.),  when  it  sets  to  an  observer  at  Philadelphia,  Lat.  39^ 
57^  N.  Ans.  Hour  angle =4h.  23m.  5.7s, 

AmpUtude  =W.  35^    1'  16"- S. 
or  Azimuth     =S.   54°  58'  44"  W. 

As  we  have  frequent  occasion  to  know  the  time  of  rising  and 
setting  of  the  heavenly  bodies,  it  is  convenient  to  have  a  table 
£rom  which  this  may  be  ascertained  without  the  labor  of  com- 
putation. Table  XIX.  furnishes  the  semi-diurnal  arcs  for  any 
latitude  up  to  60^,  and  for  any  declinatio;i  not  exceeding  29^, 
from  which,  if  we  know  the  time  of  passing  the  meridian,  the 
time  of  rising  or  setting  is  easily  found. 

To  find  the  time  of  rising  of  "the  sun's  upper  limb,  oorreoted 
for  refraction,  see  Art.  169. 


RING    MICROMETER, 


(150.)  The  ring  micrometer 
consists  of  an  opaque  ring,  in- 
serted in  the  focus  of  a  telescope, 
and  having  a  diameter  somewhat 
less  tiian  that  of  the  field  of  view. 
When  the  telescope  is  fixed  in  po- 
sition, by  observing  the  instants 
at  which  two  stars  pass  the  op- 
posite sides  of  either  the  outer  or 
ixmer  circle  of  the  ring,  their  dif- 
ference of  ri^t  ascension  and 
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declination  may  be  oompated, 
provided  we  know  the  diameter 
of  the  ring.  The  annexed  fig- 
ure represents  the  appearance  of 
a  ring  suspended  in  the  focus  of 
a  telescope,  the  field  of  view  be- 
ing represented  by  the  ciick 
NWSE.  Each  star  is  to  be  ob- 
served  when  it  passes  behind  the 
ring  at  L,  when  it  reappears  at 
A ;  when  it  disappears  again  at 
A^  and  when  it  reappears  at  M. 

(161.)  To  determine  the  radius  of  the  ring. 
If  there  are  spider  lines  bisecting  the  ring  exactly  in  the  cen- 
tre, wo  may  determine  the  radius  by  observing  the  time  required 
by  an  equatorial  star  in  passing  centrally  across  the  ring ;  or  by 
observing  the  passage  of  any  star  not  very  near  the  pole,  and 
multiplying  the  interval  by  the  cosine  of  its  decUnation ;  that  is, 

r = Radius = -^r — t)oo».  Dec, 

where  /  and  V  are  the  times  of  ingress  and  egress  of  the  star. 
See  Art.  72. 

The  radius  of  the  ring  will  retain  the  same  value  only  as  kog 
as  the  distance  of  the  ring  from  the  object-glass  remains  on* 
changed.  When,  therefore,  the  radius  of  the  ring  has  been  Qooe 
determined,  the  position  of  the  tube  carrying  the  micnmieler 
should  bo  accurately  marked,  and,  in  all  subsequent  obsenra- 
tions,  should  be  carefully  adjusted  to  the  same  position. 

(152.)  To  determine  the  difference  of  right  ascension  of  two 
stars. 

Point  the  telescope  in  such  a  manner  that  the  stars  may  trav- 
erse the  ring  in  suooession ;  one  of  them,  for  example,  from  A  to 
A^  the  other  from  B  to  B',  and  leave  the  telescope  undisturbed 
during  the  observation.  Note  the  times  T  and  T",  correqxmdiiig 
to  the  instants  of  ingress  and  egress  of  the  first  star  at  A  and  A^ ; 
again,  leaving  the  telescope  undisturbed,  note  the  times  /  and  f", 
corresponding  to  the  instants  of  ingress  and  egress  of  the  seoond 
star  at  B  and  B'.  The  instant  of  passing  the  middle  point,  D, 
of  the  chonl  A  A',  will  be  denoted  by  i(T'  +  T) ;  and  the  instant 


The  Diurnal  Motion. 


117 


of  passing  the  middle  point,  H,  of  the  chord  BB^,  will  be  de- 
noted by  i{t^+t).  The  difference  of  right  ascension  will  there- 
fore be  i(r+0— i(T^+T),  provided  the  clock  has  no  rate  that 
sensibly  affects  the  interval. 

(153.)  To  determine  the  difference  of  declination  of  two  stars. 

We  most  previously  have  an  approximate  knowledge  of  the 
declination  of  each  of  the  stars. 

Put  d  =the  approximate  declination  of  the  first  star ; 
d^=the  approximate  declination  of  the  second  star. 

Then  we  shall  have 

AD=i(T^-T)15cos.  d, 
and  BH= J(^-015  cos.  6'. 

Put'     X=the  angle  ACD,  and  x=the  angle  BCH. 


Then 


sin.  X=— =1?  COS.  6  (T^-T) 

BH    16         .//J/    u\ 
sin.  z= — =rr-  COS.  d'tt^—t) 

r      2r 


^  ....  (1) 


Also, 


(2) 


CD=r  cos.  X 
CH=r  COS.  X 

Hence  DH,  or  the  difference  of  declination =r(cos.  re— cos.  X), 
when  both  arcs  are  on  the  same  side  of  the  centre  of  the  ring. 
When  they  are  on  opposite  sides,  the  difference  of  declination 
=r(cos.  rc+oos.  X). 

When  the  observations  are  made  with  reference  to  the  outer 
edge  of  the  ring,  we  must  proceed  in  the  same  manner ;  and  if 
observations  are  made  at  both  edges  of  the  ring,  a  mean  of  the 
two  results  must  be  taken. 

The  results  for  right  ascension  will  be  most  reliable  when  the 
stars  pass  near  the  centre  of  the  ring ;  but  the  results  for  decli- 
nation will  be  most  reUable  when  the  stars  pass  at  a  considera- 
ble distance  from  the  centre. 

(154.)  The  following  observations  of  Encke's  comet  and  a 
neighboring  star  will  illustrate  the  use  of  this  micrometer : 


- 

North  or 
SoQlhof 
Centre. 

Outer  Ring. 
Ingreee. 

Inner 

Rinf. 

IngreM. 

Inner 

Rinf. 

Egren. 

Onter 

Ring. 

Egress. 

Concluded 
Transit  over 
Hoor-Circle. 

Diflbrenoe 
oTR.  A. 

star 
Comet 

N. 
S. 

23  13    9 
23  15  11 

m.      9. 

13  28 
15  36 

36  23 
38  15 

m.     «. 

14  44 
16  38 

m.      9. 

15    4 
17    7 

m.          9. 

14    6.25 
16    8.0 

m.        9. 

2    1.75 

Star 
Comet 

N. 
S. 

23  35  59 
23  37  48 

37  16 
39  10 

37  41 
39  37 

36  49.75 
38  42.5 

1  52.75 

118  Practical  Astronomy. 

The  observations  of  the  first  of  the  preceding  stars  with  the 
outer  ring  give  ^(T^+T)  =  14m.  6.5s. ;  from  the  inner  ring  me 
obtain  14m.  6s. ;  the  mean  of  the  two  is  14m.  6.25s.y  which  is 
the  time  of  passing  the  middle  point  of  its  chord.  In  the  same 
manner  we  obtain  for  the  comet  16m.  8.0s.  Hence  their  diflSsr- 
ence  of  right  ascension  was  2m.  1.75s. ;  and,  in  the  same  man- 
ner, their  difference  of  right  ascension  at  the  second  obsenratioii 
was  Im.  52.75s. 

The  difference  of  decUnation  is  computed  as  follows,  using 
only  the  observations  of  the  inner  ring : 

The  radius  of  the  mner  ring  was  9"  38^^=578"^ 

The  declination  of  the  star  was  32°  8"  41^^  N. 

The  declination  of  the  comet  at  the  first  observation  was  31^ 
56^  25^''  N.  nearly. 

The  declination  of  the  comet  at  the  second  observation  was 
31°  53^  14^'  N.  nearly. 

For  the  first  star  observation,  by  equation  (1), 

J(^-0= 38s. =1.57978 

15    =1.17609 

COS.  d= 9.92773 

1=7^3807 

r 

a;=56<>  36^  50^^  sin.  =  9.92167 
By  equation  (2), 

COS.  x= 9.74058 
r= 2.76193 
CH=318'M=2.60251 
In  a  similar  manner,  for  the  first  comet  observation,  we  ob- 
tain 

CD =422^^3. 
Hence,  since  the  star  and  comet  were  on  opposite  sides  of  ibe 
centre,  the  difference  of  declination =318^M-|- 422^^3 =740'^4 
=  12"  20^^4. 

In  the  same  manner,  we  find  the  difference  of  declination  at 
the  second  observation  to  be  15"  29"".7. 

(155.)  Frequentiy  a  comet  changes  its  right  ascension  and 
declination  so  rapidly  that  we  can  not  assume  that  in  one  sec- 
ond of  time  it  describes  15""  cos.  d  in  arc,  and  that  its  path  is 
perpendicular  to  an  hour  circle.    In  this  case,  we  must  apply  a 
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ooriection  to  thb  result  obtained  without  regarding  the  proper 
motion. 

Let  NS  represent  an  hour  cirole,  and  draw  BB^  perpendicular 
toNS. 

Suppose  the  comet  to  describe  the  path 
BK  instead  of  BB% 

Represent  CG-  by  d=ziiie  least  distance 
of  the  comet  from  the  centre  of  the  ring ; 
and  let  r=i  (^'— 0=half  the  interval  be- 
tween  the  ingress  and  egress ;  then 
flP=r*-(16TCoe.d)^ 

B.epresent  by  Aa  the  increase  of  right  ^*s 

ascension  of  the  comet  in  a  second  of  time ;  Ar  the  change  of 
T  caused  by  the  change  of  right  ascension,  so  that  t+ At  repre- 
sents the  half  interval  which  would  have  been  observed  if  there 
had  be^  no  change  of  right  ascension.     Then 

Ar=  —TAa. 

But,  by  differentiating  the  above  expression  for  <P^  we  have. 

.  ,  I     15V  COS.  M, 
Aa=5 At. 

a 
Hence  Arf=(15TCos.(J)^ (A) 

which  represents  the  required  correction  of  the  comet's  declina- 
tion. 

Let  A(5  represent  the  change  of  declination  of  the  comet  in  a 
second  of  time,  and  n  the  angle  KBB^,  which  the  comet's  path 
makes  with  a  parallel,  we  shall  have 

^•"=(15+ra)oo8.<5' 
or  we  may  assume  without  appreciable  error, 

.  A<5 

15  COS.  6 
Let  p  represent  GI,  the  portion  of  the  comet's  path  between 
ibe  hour  circle,  CI,  and  the  perpendicular,  CGr,  drawn  firom  the 
centre  upon  the  path,  and  we  shall  have 

y^d  tang.  n=:rr^ -. 

^        ^         15cos.<5 

The  correction  to  be  applied  to  the  time  of  transit  over  the 

hour  circle,  determined  witiiout  regard  to  proper  motion,  is 
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or  A^=+7TFTir-;u (^) 


15  COS.  d' 
rfAd 

(15  COS.  d)' 

In  the  example  given  above,  the  comet's  motion  in  right  as- 
cension in  24  hours  was  —7m.59.2ds.,  and  in  declination  —3^ 
&  0'^7.     Consequently, 

log.  Aa= 7.7440511, 
and  log.  A<5= 9.1088411.  « 

Moreover,  we  have  before  found, 

log.  rf= 2.62567 

T=3l8. 

d=31<>  56^  25  ^ 
To  compute  bd.  To  compute  Ar. 

By  foramla  A.  By  Ibnaola  B. 

15=1.17609  d=2.62567 

T=31s.=1.49136  Arf=9.10884i> 

COS.  (5 = 9.92870  1.73451i» 

2.59615  (15  COS.  (5)^=2.20958 

2  At  =  -  0.33s, = 9.52493II. 

5.19230 
Aa=7.74405» 
comp.  rf= 7.37433 
Arf= -2^04=0.31068/1. 

At  the  time  of  these  observations,  the  comet  was  moving 
southward  from  the  centre  of  the  field,  so  that  its  apparent  path 
may  be  represented  by  BK.  It  passed  the  point  Gr,  half-way 
between  B  and  K,  at  16m.  8.0s.  Hence  it  passed  the  point  I,  on 
the  hour  circle  bisecting  the  ring,  at  16m.  8.33s.  Therefore  tiie 
true  difference  of  right  ascension  was  2m.  2.08s. 

The  comet's  least  distance  from  the  centre  of  the  ring  was  be* 
fore  computed  to  be  422'^3,  which  is  represented  by  CG.  Its 
corrected  distance  is  CH,  which  is  420^^3.  Hence  the  true 
ference  of  declination  was 

420  ^3+318'M=738  ^4=12^  18'^4. 


CHAPTER  V. 

j  TIME. 

f 

(156.)r  The  interval  between  two  successive  returns  of  the 
vernal  equinox  to  the  same  meridian  is  called  a  sidereal  day. 

The  interval  between  two  successive  returns  of  the  sun  to  the 
same  meridian  is  called  a  solar  day. 

The  sun  completes  an  apparent  revolution  about  the  earth 
in  one  year,  or  365  days  5  hours  48  minutes  and  47.57  sec- 
onds ;  so  that  the  sun's  mean  daily  motion  is  found  by  the  pro- 
portion 

one  year :  one  day ::  360° :  daily  motion =59^  8^^33. 

This  motion  is  not  uniform,  but  is  greatest  when  the  sun  is 
nearest  the  earth.  Hence  the  solar  days  are  unequal ;  and  to 
avoid  the  inconvenience  which  would  result  from  this  fact,  as- 
tronomers have  recourse  to  a  mean  solar  day,  the  length  of  which 
is  equal  to  the  mean  or  average  of  all  the  apparent  solar  days 
in  a  year. 

(157.)  The  length  of  the  mean  solar  day  is  different  from  that 
of  the  sidereal,  because  when  the  mean  sun,  in  its  diurnal  mo- 
tion, returns  to  the  meridian,  it  is  59^  8^^33  advanced  eastward 
in  right  ascension. 

An  arc  of  the  equator,  equal  to  360°  59^  8^^33,  passes  the 
meridian  in  a  mean  solar  day,  while  only  360°  pass  in  a  sidereal 
day.  To  find  the  excess  of  the  solar  day  above  the  sidereal  day, 
expressed  in  sidereal  time,  we  have  the  proportion 

360°  :  59"  8"''.33 ::  one  day :  3m.  56.555s. 
*  Hence  24  hours  of  mean  solar  time  are  equivalent  to  24h. 
3m.  56.555s.  of  sidereal  time.  As  we  have  frequent  occasion 
to  convert  intervals  of  mean  solar  time  into  intervals  of  sidereal 
time.  Table  IV.  has  been  constructed,  from  which  such  inter- 
vals are  found  by  mere  inspection. 

Example.  Find  the  sidereal  interval  which  corresponds  to  15h. 
20m.  20.58s.  of  mean  solar  time. 
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According  to  Table  IV., 

15  hours  mean  solar  time = ISL    2m.  27.847s.  sidereal  time. 
20  minutes"       "      "    =        20        3.285         "         « 
20  seconds   "       "      "    =  20.055         "         « 

0.58  "       "      "    = 0.582        «       *  « 

The  sidereal  interval        =15h.  22m.  51.769s. 

To  find  the  excess  of  the  solar  day  above  the  sidereal  day,  ex- 
pressed in  solar  time,  we  have  the  proportion 

360<^  59'  8''.33 :  59'  8^^33 ::  one  day :  3m.  55.909i. 

Hence  24  hours  of  sidereal  time  are  equivalent  to  23h.  56iit 
4.091s.  of  mean  solar  time.  In  order  to  facilitate  the  coavor- 
sion  of  sidereal  time  into  solar  time,  Table  V.  has  been  oonstmot- 
ed,  from  which  these  intervals  are  found  by  mere  inspection. 

Example.  Find  the  solar  interval  which  corresponds  to  16h. 
15m.  25.66s.  of  sidereal  time. 

According  to  Table  V., 

16  hours  sidereal  time= 15h.  57m.  22.727s.  mean  solar  time. 
15  mmutes  "         "     =         14      57.543      "        "        " 
25  seconds   "         "     =  24.932       "        «        " 

0.66  "         "     = 0.658      "       «.      " 

The  solar  interval        =  16h.  12m.  45.860s. 

(158.)  Throughout  this  work  we  shall  suppose  the  student  to 
have  in  his  possession  some  astronomical  ephemeris,  like  the 
Nautical  Almanao.  The  English  Nautical  Almanac  has  been 
published  annually  since  1767,  and  generally  appears  about 
three  years  in  advance  of  the  date  for  which  it  is  compatad. 
The  French  Connaissance  des  Temps  has  been  published  anno* 
ally  since  1679,  without  ever  having  suffered  a  single  interrup- 
tion; and  the  Berlin  Astronomisches  Jahrbuch  has  been  pob- 
liahed  annually  since  1776.  The  first  volume' of  the  Amerioui 
Nautical  Almanac,  being  for  1855,  was  published  in  Felnmuy, 
1853,  and  is  expected  to  appear  regularly  in  future.  Either  of 
these  almanacs  will  furnish  all  the  data  which  are  required  for 
the  computations  in  this  treatise.  We  shall,  however,  employ 
the  American  Nautical  Almanac  for  1855  or  1856,  whenever  it 
can  conveniently  bo  done ;  and  for  other  cases  shall  refer  to  die 
English  Nautical  Almanac. 
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Problem. 


(159.)  To  convert  mean  solar  time  into  sidereal  time. 

When  the  sun  is  on  the  meridian,  the  sidereal  time  is  the  same 
as  the  son's  apparent  right  asoension. 

Thus,  according  to  the  American  Nautical  Almanac  for  1855, 
page  271,  the  sun's  apparent  right  ascension  at  Wadiiington,  ap- 
parent noon,  January  1,  1855,  is  18h.  46m.  58.21s.;  this  is, 
therefore,  the  sidereal  time  at  that  instant.  The  sidereal  time 
of  mean  noon  may  he  found  from  the  precediitg,  by  applying  the 
equation  of  time,  reduced  to  its  sidereal  equivalent.  Thus,  on 
January  1, 1855,  the  equation  of  time  is  -|-3m.  49.72s.,  which  is 
equivalent  to  3m.  50.35s.  sidereal  time.  Therefore  the  sidereal 
time  of  mean  noon  is 

ISh.  46m.  68.21s.  -.3m.  50.35s.,  which  equals  18h.  43m.  7.86s. ; 
and  this  is  the  number  given  in  the  last  column  of  page  271  of 
the  almanac.  The  almanac  furnishes,  in  like  manner,  the  side- 
real time  of  mean  noon  at  Washington  for  every  day  in  the  year. 
With  this  assistance,  we  can  easily  convert  any  instant  of  mean 
solar  time  into  its  corresponding  sidereal  time,  by  the  following 

Rule. 

Sidereal  time  required = sidereal  time  at  the  preceding  mean 
noonj  plus  the  sidereal  interval  corresponding  to  the  given 
mean  time,      ^ 

Example,  Convert  2h.  22m.  25.62s.  mean  solar  time  at 
Washington,  January  2, 1855,  into  sidereal  time. 

Sidereal  time  at  the  preceding  mean 

noon,  viz.,  January  2 18h.  47m.    4.42s. 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent  by  Table  IV 2h.  22m.  49.02s.     ' 

The  sum  is  the  sidereal  time  required  21h.    9m.  53.44s. 

If  the  place  of  observation  be  not  on  the  meridian  of  the  ephem- 
eris,  the  sidereal  time  at  mean  noon  must  be  corrected  by  the 

addition  of  9.8565s.  (  = — —^i ' )  ^"^^  ^^^^  ^'^^^  ^^  longi- 
tude, if  the  place  be  to  the  west  of  the  first  meridian,  but  by  its 
substraction  if  to  the  east. 
Example.  Convert  7h.  55m.  51.65s.  mean  time  at  the  High 
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School  Observatory,  Philadelphia,  April  19,  1855,  into  sidereal 
time. 

The  sidereal  time  at  the  preceding  Wash- 
ington mean  noon  is Ih.  48m.  55.821b. 

Correction  for  7m.  33.6s.,  Philadelphia 
east  of  Washington —  1.24g. 

Sidereal  time  at  the  preceding  Philadel- 
phia mean  noon Ih.  48m.  54.588. 

Add  the  mean  time,  reduced  to  its  side- 
real equivaleilt Th.  57m.    9.82s. 

The  sum  is  the  sidereal  time  required  .  .  9h.  46m.    4.40b. 

Problem. 

(160.)  To  convert  sidereal  time  into  mean  solar  lime. 

If  from  the  proposed  sidereal  time  we  subtract  the  sidereal 
time  at  the  preceding  mean  noon,  we  shall  obtain  the  interval 
from  mean  noon  expressed  in  sidereal  time ;  and  if  we  convert 
this  interval  into  its  mean  solar  equivalent,  we  shall  have  the  in- 
terval elapsed  since  mean  noon  expressed  in  mean  time,  and  there- 
fore  the  time  which  ought  to  be  shown  by  a  mean-time  clock. 

Example.  Convert  21h.  9ra.  53.44s.  sidereal  time  at  Wash- 
ington, January  2,  1855,  into  mean  solar  time. 

Sidereal  time  given 21h.    9m.  53.448. 

Sidereal  time  at  preceding  mean  noon  .  18h.  47m.    4.42s. 

Interval  in  sidereal  time  from  mean  noon     2h.  ^2m.  49.02s. 

Equivalent  in  mean  solar  time  by  Ta- 
ble V • ~2h.  22m.  25:6&: 

which  is  therefore  the  mean  solar  time  required. 

(161.)  If  we  subtract  the  sidereal  time  at  mean  noon  from 
twenty-four  hours,  and  convert  this  interval  into  its  solar  equiv- 
alent, we  shall  have  the  mean  time  of  transit  of  the  first  point 
of  Aries,  which  may  be  called  the  mean  time  at  sidereal  fuxm. 
It  is  the  time  which  ought  to  be  shown  by  a  mean-time  clock, 
at  the  moment  that  a  clock  adjusted  to  sidereal  time  indicates 
exactly  Oh.  Om.  Os.  The  mean  time  of  transit  of  the  first  point 
of  Aries  is  given  in  the  English  Nautical  Almanac  for  every  day 
of  the  year,  on  page  xx.  of  each  month.  It  is  omitted  in  the 
American  Almanac  for  1855,  but  is  inserted  in  the  Almanac  for 
1856,  on  page  in.  of  each  month,  under  the  title  mean  time  of 
sidereal  Oh.     This  quantity  is  found  as  follows : 
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The  sidereal  time  at  Greenwich,  mean  noon,  January  1, 1855, 
is  18h.  42m.  17.25s.  Subtracting  this  from  24  hours,  we  have 
6h.  17m.  42.75s.,  which,  reduced  to  its  equivalent  solar  interval, 
is  5h.  16m.  50.70s.,  which  is,  therefore,  the  mean  time  of  transit 
of  the  first  point  of  Aries  for  January  1, 1855,  at  Greenwich,  and 
is  so  given  on  page  xx.  of  the  English  Almanac.  With  this  as- 
sistance, we  can  easily  convert  any  instant  of  sidereal  time  into 
its  corresponding  mean  solar  time,  by  the  following 

Rule. 

The  mean  solar  time  required=mean  time  at  the  preceding 
sidereal  noon^  plus  the  mean  interval  corresponding  to  the 
^ven  sidereal  time. 

Example.  Convert  21Il  8m.  55.39s.  sidereal  time  at  Green- 
wich, January  2,  1855,  into  mean  time. 
Mean  time  at  the  preceding  sidereal  noon, 

January  1 5h.  16m.  50.70s. 

Add  the  given  sidereal  time  reduced  to 

its  equivalent  mean  time  .......  21h.    5m.  27.51s. 

The  sum  is  the  mean  time  required,  Jan- 
uary 2  .  .  .  .^ 2h.  22m.  18.21s. 

(162.)  If  the  place  of  observation  be  not  on  the  meridian  of 
the  ephemeris,  the  mean  time  of  the  transit  of  the  first  point 
of  Aries  must  be  corrected  by  the  subtraction  of  9.82968. 

— -—^ )  for  each  hour  of  longitude,  if  the  place  be  to 

the  west  of  the  first  meridian,  but  by  its  addition  if  to  the  east. 
Example.  Convert  22h.  11m.  37.68s.  sidereal  time  at  High 
School  Observatory,  Philadelphia,  October  17,  1855,  into  mean 
time. 

The  mean  time  at  the  preceding  Green- 
wich sidereal  noon  is lOh.  20m.  32.74s. 

Correction  for  5h.  Om.  37.6s.,  Philadel- 
phia west  of  Greenwich    —49.258. 

Mean  time  at  the  preceding  Philadelphia 

sidereal  noon lOh.  19m.  43.49s. 

Add  the  sidereal  time,  reduced  to  its 

.  mean  equivalent 22h.    7m.  59.52s. 

The  sum  is  the  mean  time  required  .  .    8h.  27m.  43.018. 
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Problem. 

(163.)  To  find  the  time  by  observation. 

First  Method. — By  equal  altitudes  of  a  star  on  apposite 
sides  of  the  meridian. 

Observe  the  times  when  the  star  has  equal  altitades  bef(»e 
and  after  passing  the  meridian ;  the  arithmetical  mean  between 
these  times  is  the  time  of  the  star's  passing  the  meridian.  By 
comparing  this  time  with  the  known  place  of  the  star,  we  may 
obtain  the  error  of  the  clock. 

Example.  The  numbers  in  column  first  of  the  following  table 
show  the  times  when  Arcturus  had  the  altitudes  contained  in 
column  second,  on  the  east  of  the  meridian.  Column  third  shows 
the  times  when  it  had  the  same  altitudes  on  the  west  of  the  me> 
ridian.  Column  fourth  shows  the  sums  of  these  times,  the  ar- 
erage  of  which  is  28h.  7m.  42.5s. ;  consequently  the  star  passed 
the  meridian  at  14h.  3m.  51.25s.  by  the  clock. 


East. 

Altitude. 

WeM. 

Smn. 

h.      m.        a. 

O               ' 

A.       m.         9. 

■  •           fn<                    9m 

10  55  49.2 

43  10 

17  11  53.0 

28  7  42J3 

57  59.5 

43  30 

9  43.0 

42.5 

11    0    9.7 

43  50 

7  32.5 

42J2 

2  20.7 

44  10 

5  22.2 

42.9 

6  43.7 

44  50 

0  59.0 

42.7 

Mean 

.  28  7  42.5 

Meridian  passage 

1=14  3  5155 

If  we  suppose  the  clock  regulated  to  sidereal  time,  and  the 
right  ascension  of  the  star  to  be  14h.  9m.  0.16s.,  then  the  clock 
was  slow  5m.  8.91s. 

(164.)   Second  Method. — By  equal  altitudes  of  the  sun. 

Since  the  declination  of  the  sun  changes  from  morning  to 
evening,  the  time  of  the  sun's  arriving  at  a  given  altitude  is 
affected  by  this  motion,  and  we  must  compute  the  correction 
to  bo  applied  to  the  mean  of  the  times  observed.  This  may  be 
done  by  the  following  method : 

Let  PZM  be  the  meridian  of  the  place  of  observation,  P  the 
pole,  Z  the  zenith,  AMB  a  small  circle  parallel  to  the  horiisoni 
ANB  the  parallel  described  by  a  star  in  its  diurnal  motion,  and 
cutting  the  former  circle  in  A  and  B.    If  ZA  is  found  by  obeer- 


Time. 


127 


vation  equal  to  ZB,  then,  Isince  PZ  is  constant,  if  the  polar  dis- 
tance, PA,  does  not  change,  the  two  ttiangles,  PZA,  PZB,  will  be 
mutually  equilateral,  and,  consequently,  the  angle  ZPA=ZPB ; 
that  is,  the  hour  angle  of  a  star 
from  the  meridian  is  the  same 
for  equal  altitudes  on  the  east 
and  west  sides  of  the  meridian ; 
and  this  is  the  case  with  all 
the  fixed  stars,  but  not  with 
tibe  sun.  Suppose  the  polar 
distance  of  the  sun  has  di- 
minished  during  the  interval, 
ilien,  when  the  western  hour 
angle,  ZPB,  is  equal  to  the  east- 
em,  ^PA,  the  sun  will  be  at  B^, 
nearer  to  the  zenith;  and  when 
the  sun  reaches  the  circle  AMB  at  C,  the  hour  angle  ZPC  will 
be  greater  than  the  hour  angle  ZFA  or  ZPB. 

It  is  necessary,  then,  to  compute  the  angle  BPC. 

Put  ^=the  latitude  of  the  place ;  d=1}ie  declination  of  the 
sun  when  on  the  meridian ;  ^=;:the  increase  of  declination  from 
the  meridian  to  the  afternoon  observation;  P=the  hour  angle 
from  the  meridian,  supposing  no  change  in  the  declination; 
dP=iihe  increase  of  the  hour  angle  in  time  caused  by  the  change 
of  declination ;  and  Z=the  observed  zenith  distance. 

Now,  in  the  triangle  APZ,  Trig.,  Art  225, 

COS.  AZ=cos.  PZ  COS.  AP-fsin.  PZ  sin.  AP  cos.  APZ, 
or        cos.  Z=sin.  ^  sin.  c^+cos.  ^  cos.  6  cos.  P (1) 

Also,  in  the  triangle  CPZ, 

COS.  CZ=oos.  PZ  cos.  CP+sin.  PZ  sin.  CP  cos.  CPZ, 
or     COS.  Z=sin.  ^  sin.  {d+d6)+cos.  0  cos.  (d+dtJ)  cos.(P+dP) 
=sin.  <!>  sin.  6  cos.  dd+sin.  ^  cos.  6  sin.  d6 
+COS.  (j)  (cos.  <5  cos.  cM— sin.  cJ  sin.  dd)  (cos.  P  cos.  dP 
—sin.  P  sin.  rfP). 

But  since  the  variations  of  6  and  P,  in  the  present  case,  are 
necessarily  small,  we  may  put 

oos.rftr=l;  cos,ciP=:l;  8in.cM=d<Jsux.r';  sin.(/P=15dPsin.r^ 
.    Therefore, 
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COS.  Z=sin.  <l>  sin.  d+dS  sin.  V^  sin.  ^*oos.  d+cos.  ^  cos.  <5  cos.? 
—dd  sin.  V^  COS.  ^  sin.  d  cos.  P 

—  15rfP  sin.  1'^  cos.  <l>  COS.  d  sin.  P, 

Hence,  by  equation  (1), 
0=d6  sin.  ^  cos.  d— ^d  cos.  <p  sin.  d  cos.  P 

—  15rfP  COS.  ^  cos.  d  sin.  P. 

Whence 
wn_d6  sin.  ^  COS.  6—dd  cos.  ^  sin.  d  cos.  P 
~"  15  COS.  ^  COS.  d  sin.  P 

or  cff  =  |^tang.  ^  cosec.  P— tang,  d  cot  P) (2) 

which  is  the  correction  to  be  applied  to  the  mean  of  the  tunes 
observed. 

If  the  sun's  motion  in  declination  is  northward,  this  oorreotioii 
is  to  be  subtracted  from  the  mean  of  the  times  observed ;  if  the 
motion  is  southward,  it  must  be  added. 

Ex,  1.  At  a  place  in  Lat.  54^  20^  N.,  the  sun  was  foandto 
have  equal  altitudes  at  8h.  59m.  4s.  A.M.  and  at  3h.  Om.  40s.  P JL 
It  is  required  to  find  the  time  of  noon,  the  declination  of  thid  son 
being  19^  48^  29^^  N.,  and  the  decrease  of  declination  betweea 
the  two  observations  being  192^^. 

By  equation  (2), 

tang.  0 = 0.14406  tang,  d = 9.55652 

cosec.  P = 0. 14900  cot  P = 9.99697 

ii = 6.4 = 0.80618  S = 0.80618 

15  15 

12.57s.  =  1.09924  2.29s.  =  0.35967 

Hence  12.57  -  2.29 = 10.28s. = rfP. 

This  correction  is  to  bo  added  to  the  mean  of  the  times  ob- 
served, because  the  sun's  motion  was  southward. 

The  mean  of  the  observed  times  is  llh.  59m.  52s. ;  therefore 
the  time  of  apparent  noon  was  Oh.  Om.  2.28s.,  or  the  clock  was 
2.28s.  too  fast  by  apparent  time. 

(165.)  In  order  to  facilitate  the  preceding  computations,  vmri- 
ous  tables  have  been  devised,  but  the  one  which  has  been  chiefly 
used  was  first  proposed  by  Gauss.  Table  XL  is  from  the  Amer- 
ican Nautical  Almanac  for  1856,  and  was  furnished  by  Professor 
Chauvenet    It  differs  from  the  table  of  Gauss  only  in  using  the 
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hourly  change  of  Hie  son's  deolination  instead  of  twice  the  daily 
change.     This  table  was  constracted  as  follows : 

Put  T=the  interval  of  time  between  the  morning  and  after- 
noon observations,  expressed  in  hours, 
^zzthe  hourly  change  of  the  sun's  declination. 
Then,  since  dS  represents  the  increase  of  declination  from  the 
meridian  to  the  afternoon  observation,  we  shall  have 

d6=iiiT. 
And  since  P  represents  the  hour  angle  from  the  meridian  ex- 
pressed in  arc,  we  shall  have 

P=7iT. 
Hence  the  correction  to  be  added  to  the  mean  of  the  times 
observed  to  obtain  the  time  of  apparent  noon  is 

fiT  tang.  <l>  ,    fiT  tang.  6 
30  sin.  7iT     30  tang.  7iT' 

or       x=.  -M  tang.  ^_^^+^  tang.  6^^  ^^  ^^^. 

Let  us  make 

T  T 

A——————   and  B  — 

30  sin.  7iT'  30  tang.  7iT' 

and  we  shall  have 

x=  — A/ii  tang.  ^+B/ii  tang.  6. 
Table  XI.  furnishes  the  values  of  A  and  B  for  all  values  of  T 
firom  2  hours  to  24  hours.     The  following  is  the  method  of  com- 
puting A  and  B : 
Let  T=2  hours. 
7iT=15o  sm.=9.4130  7iT=15o  tang.=9.4280 

30=1.4771  30=1.4771 

0.8901  0.9051 

2=0.3010  2=0.3010 

log.  A = 9.4 109  log.  B = 9.3959 

which  are  the  values  of  log.  A  and  log.  B,  given  in  the  table  for 
an  interval  of  2  hours ;  and  in  the  same  manner  were  the  other 
numbers  computed.  If  we  employ  the  numbers  of  this  table, 
the  computation  of  Ex.  1  will  proceed  as  follows : 

The  interval  of  time  between  the  morning  and  afternoon  ob- 
servations being  6h.  Im.  36s.,  we  have,  by  Table  XL,  log.  A= 
9.4520,  and  log.  B= 9.2999;  and  by  the  Nautical  Ahnanac, 
fi=z  —31^^85.     The  operation,  therefore,  will  stand  thus : 

I 
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log.  A =9.4520 
/i=-31.85=1.6031» 
tang.  0=0.1441 


log.  B=9.2999 
fi= -31.86= 1.5031i» 
tang.  d= 9.5565 


-  12.57s. = 1.0992«  -  2.298. =0.3595ii 

Hence  x=  12.57—2.29=10.28,  the  same  correotion  as  finomd 
on  page  128. 

The  following  rule  for  the  signs  of  the  two  terms  of  the  oor* 
rection  for  equal  altitudes  may  be  found  convenient : 

The  sign  of  the  first  term  is  positive  from  the  summer  to  the 
winter  solstice,  and  negative  from  the  winter  to  the  sommer 
solstice. 

The  sign  of  the  second  term  is  positive  from  the  equinoxes  to 
the  solstices,  and  negative  from  the  solstices  to  the  equinoxes. 

(166.)  The  following  is  the  most  convenient  mode  of  taking 
these  observations.  Having  brought  the  lower  limb  of  the  son, 
as  seen  reflected  from  the  sextant  mirror,  into  approximate  ooo* 
tact  with  the  upper  limb,  as  seen  reflected  from  the  mercurji 
move  the  vernier  forward,  and  set  the  zero  to  coincide  with  some 
convenient  division  upon  the  limb.  Wait  for  the  instant  of  ood> 
tact,  and  note  the  time  by  the  chronometer.  Move  the  vernier 
forward  10^  or  20^,  and  note  the  instant  of  contact  as  before^ 
making  the  successive  observations  at  equal  intervals  of  10'  or 
20^.  It  is  by  no  means  necessary  that  the  sextant  should  indi- 
cate the  true  altitude  of  the  body,  for  it  is  the  peculiar  excel- 
lence of  this  method  that  it  merely  requires  the  observations  to 
be  made  at  the  same  altitude  on  both  sides  of  the  meridian. 

Ex.  2.  At  Pembina,  in  Lat.  48°  58^  34'^  the  following  double 
altitudes  of  the  stm's  upper  limb  were  observed  August  22dy 
1849: 


«m*IM  • 

Double  Altitudes. 

P.M. 

k.  m.     t. 

Q                         /                        #/ 

w«       9n*            «• 

9  0  50 

78  36  45 

2  33  55 

9  1  55 

78  53  45 

2  32  47 

9  3  14 

79  14  15 

2  31  35 

9  4  25 

79  32  30 

2  30  28 

9  5     9 

79  43  45 

2  29  23 

9  6     8 

80    2  15 

2  28  40 

9  6  48 

80  10  45 

2  28    2 

9  8  12 

80  34  45 

2  26  40 

It  is  required  to  find  the  error  of  the  chronometer,  the  daclk 
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nation  of  the  sun  being  11^  39^  44^^  N.,  and  the  hourly  decrease 
of  declination  being  50'^77. 

When  we  have  a  number  of  observations  made  at  short  inter* 
vals  of  time,  as  in  the  present  instance,  it  is  most  convenient  to 
take  the  average  of  all  the  morning  observations,  which  in  the 
present  case  is  9h.  4m.  3d.ls. ;  and  also  the  average  of  the  even- 
ing observations,  which  in  the  present  case  is  2h.  30m.  11.2s., 
and  regard  them  as  constituting  one  complete  observation.  The 
mean  of  these  times  is  llh.  47m.  23.15s. ;  the  correction  of  the 
hour  angle  is  found  to  be  13.98s.  Q^erefore  the  time  of  appar- 
ent noon  was  llh.  47m.  37.13s.,  or  the  chronometer  was  slow 
by  apparent  time  12m.  22.87s. 

jEx.  3.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  October 
8tir,  1852,  in  Lat.  30^  4^  N. ;  the  sun's  declination  at  noon,  Oc- 
tober 8th,  being  6°  7^  S.,  and  decreasing  57^^.17  per  hour. 


A.M, 

DouM.  AlUtudM. 

P.M. 

k.      m,      a. 

•    ' 

h.       tfl.            t. 

21  7  27 

73  0 

2  33  59 

8  24 

20 

33  3 

9  23 

40 

32  5 

10  18 

74  0 

31  9 

11  16 

20 

30  12 

12  11 

40 

29  14 

13  11 

76  0 

28  13 

14  9 

2b 

27  15 

15  IQ 

40 

26  15 

16  6 

76  0 

25  20 

Ans.  The  mean  of  the  observed  times  is  23h.  50m.  43.0s. ;  the 
correction  of  the  hour  angle  is  +  10.45s.  Hence  the  time  of  ap- 
parent noon  was  23h.  50m.  53.45s. ;  and  since  the  equation  of 
time  was  —12m.  34.77s.,  the  chronometer  was  3m.  28.22s.  too 
fSoLst  by  mean  time. 

(167.)  It  firequently  happens  that  clouds  prevent  our  taking 
the  afternoon  observations  corresponding  to  the  morning  observa- 
tions ;  but  if  the  olouds  subsequently  disperse,  we  may  still  take 
a  series  of  western  altitudes,  and  wait  about  18  hours  to  observe 
the  ccnrresponding  eastern  altitudes.  If  the  observations  are 
made  upon  a  star,  the  mean  of  the  observed  times  will  give  the 
time  of  passage  over  the  lower  meridian.    If  the  observations 
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are  made  upon  the  sun,  the  correction  to  the  mean  of  the  ob- 
served times  will  still  be  given  by  formula  (2),  page  128.  If 
the  sun  is  moving  northward,  it  will  be  further  from  the  upper 
meridian  at  the  time  of  the  eastern  observation  than  at  the  time 
of  the  western,  that  is,  it  will  be  nearer  to  the  lower  meridian. 
Hence  the  correction  given  by  formula  (2)  must  be  added  to  thd 
mean  of  the  observed  times ;  and  if  the  interval  between  the'ob- 
servations  exceeds  12  hours,  B  will  be  negative,  because  col  P 
will  be  negative.  Hence  the  correction  to  be  added  algebndcal- 
ly  to  the  mean  of  the  observed  times,  to  obtain  the  time  of  ap- 
parent midnight,  is 

x^=A/i  tang.  fl>+'Bfi  tang.  6, 
Ex,  4.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  Ogb^ 
ber  8th  and  9th,  1852,  in  latitude  30^  4'  N.,  the  sun's  declina- 
tion at  midnight  being  —6^  19^  and  decreasing  57^^06  per  hour. 


October  8ih,  p. M 

Doable  AtUtodes. 

OetolMr«lk,A.II. 

h.     m.      a 

e           ' 

h.      m.      ». 

2  33  59 

73    0 

21    8  43 

33    3 

20 

9  41 

32    5 

40 

10  39 

31     9 

74    0 

11  36 

30  12 

20 

12  34 

29  14 

40 

13  31 

28  13 

75    0 

14  30 

27  15 

20 

15  28 

26  15 

40 

.     16  28 

25  20 

76    0 

17  26 

Ans,  The  mean  of  the  observed  times  is  llh.  51m.  22.05s.; 
the  correction'  of  the  hour  angle  is  —37.12s.  Hence  the  time 
of  apparent  midnight  was  llh.  50m.  44.93s. ;  and  since  the 
equation  of  time  was  —  12m.  42.82s.,  the  chronometer  was  3m. 
27.75s.  too  fast  by  mean  time. 

(168.)  Third  Method,— By  a  single  altitude  of  the  sun  or  a 

star. 

Let  PZH  be  the  meridian  of  the 

place  of  observation,  P  the  pole,  Z 

w.  .    the  zenith,  and  S  the  place  of  the  snn 

I \  or  star.     If  the  zenitii  distance,  SZ, 

has  been  measured  and  corrected  fcr  * 
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refiraotion,  then  in  the  spherical  triangle,  ZPS,  the  three  sides 
are  known,  viz., 

PZ=tfae  oo-latitude=^ ; 
ZS  =the  true  zenith  distance=2r; 
PS  =the  north  polar  distance  of  the  star=rf. 
In  this  triangle  we  can  compute  the  angle  ZPS,  which  is  the 
distance  of  the  i^r  from  the  meridian. 
By  Trig.,  Art.  226, 

sin.  ^^^J^i^'{^-b)^m.{S-c) 
^  sin.  b  sin.  c 

Put  2S=z+d+xp;  , 

then   ^  sin.  ^p^W^sin.  (S-V.)sin.(S^4 

^  sin.  if)  sin.  d 

Ex.  1.  At  a  place  in  Lat.  25°  40'  N.,  the  sun's  correct  cen- 
tral altitude  was  found  to  be  10°  6^  27^^,  when  his  declination 
was  8°  5'  56^^  S.     What  was  his  distance  from  the  meridian  ? 
rf=  98°    5^56""  sin.  (S-i/,)  =  9.922746 

z=  79°  53^  33^^  sin.  (S-rf)= 9.593007 

V;=  64°  20^    0''  cosec.  i/;=0.045117 

242°  19^  29^^  cosec.  ^=0004353 

S=121°    9^44^^  .  2)  9.565223 

S-V^=:  56°  49^  44'"'     iP=37°  18^  53^^5  sin.  =9.782612 
S-rf=  23°    3"  48^"      P=74°37M7^^ 

or  4h.  58m.  31.1s.  =  apparent  time- 
It  may  be  found  convenient  to  employ  in  our  computation  0, 
the  latitude  of  the  place,  and  6,  the  declination  of  the  star,  rath- 
er than  the  co-latitude  and  polar  distance.  For  this  purpose,  wc 
have  only  to  substitute  in  the  preceding  formula  <J  for  90°  — c?, 
and  0  for  90°— i/;,  and  we  shall  obtain 

am.  iP=    /         L       2       J  L       2        J 


COS.  0  COS.  6 

Ex.  2.  At  a  place  in  Lat.  52°  13"  26""  N.,  at  3h.  21m.  13.48. 
P,M.  by  the  clock,  the  corrected  zenith  distance  of  the  sun's  cen- 
tre was  found  to  be  75°  16"  15"",  when  his  declination  was  9° 
33"  30""  S.     Required  the  correction  of  the  clock. 

Ans.  The  true  hour  angle  was  3h.  21m.  22.7s. ;  hence  the 
clock  was  9,3s.  slow. 
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Ex.  3.  On  the  4th  of  Maich,  1850,  at  13h.  16m.  45.12s.  hy 
the  sidereal  clock,  the  zenith  distance  of  a  LyreB  was  obsarvad 
at  Greenwich  to  be  54^  16'  14^^58 ;  it  is  required  to  determine 
the  error  of  the  clock,  supposing  the  star's  R.  A.  to  be  ISh.  31m. 
50.84s.,  and  its  declination  58°  38^  3y'.4  N. 

Ans.  The  clock  was  sk>w  19.64s. 

Ex.  4.  The  following  double  altitudes  of  the  sun's  uj^r  limb 
were  observed  August  29, 1849,  in  Lat  48°  17^  N. : 


TImn. 

Dmbi.  AlUladM. 

h.      m.    *. 

O      '      " 

8  58  58 

78  7  45 

9  0  15 

78  27  10 

9  1  14 

78  45  45 

9  2  10 

78  57  30 

9  3  5 

79  12  30 

9  4  39 

79  35  45 

9  5  54 

80  54  45 

9  6  41 

80  8  45 

9  7  37 

80  21  15 

9  8  25 

80  37  15 

It  is  required  to  determine  the  error  of  the  chronometer,  tha 
sun's  declination  being  9^.  16^  20^^  N.,  and  his  semi-diameter 
15'  52".  Ans.  The  chronometer  was  slow  23m.  4.44s. 

The  most  favorable  opportunity  for  determining  the  time  from 
altitudes  of  the  sun  or  a  star  is  when  it  rises  or  falls  most  nqp* 
idly.  This  happens  when  the  sun  or  star  is  passing  the  prime 
vertical ;  that  is,  when  it  is  nearly  east  or  west.  The  sun's  at 
titude  should  not  be  less  than  10  degrees,  on  account  of  the  ir- 
regular refraction  near  the  horizon.  In  general,  two  or  three 
hours  from  the  meridian  will  be  sufficient. 

(169.)  Corollary.  By  the  same  method  we  may  compute  the 
time  at  which  the  sun's  upper  limb  rises  or  sets,  when  allowanoe 
is  made  for  refraction.  The  effect  of  refraction  is  to  cause  the 
sun  to  appear  above  the  sensible  horizon  sooner  in  the  morning 
and  later  in  the  afternoon  than  he  actually  is ;  and  when  the 
sun's  upper  limb  coincides  with  the  horizon,  the  centre  is  about 
16'  below.  At  the  instant,  therefore,  of  sunrise  or  sunset,  his 
centre  is  90^  50^  from  the  zenith;  the  semi-diameter  being 
about  16^,  and  the  horizontal  refraction  34^ 
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Ex.  1.  Required  the  time  of  sunaet  at  New  York,  Lat.  40<^ 

42^,  at  the  summer  solstice. 

Here         V^=  49^18^  sin.  (S~V)= 9-908141 

d=  .66^32'  sin.(S~fl?)=9.777444 

z  =  90^  50^  oosec.  tj, = 0.120254 

8=103°  20'  cosec.  rf=0.037492 

S-i/;=  54°    2"  2)  9.843331 

S-rf=  36^48^      JP=  56°  36' sin. =9.921666 

P=113°12'=7h.33m. 
Henoe  the  sun  sets  at  7h.  33m.  apparent  time ;  or,  addiiiig 
Im.  for  equation  of  time,  we  have  7h.  34m.  mean  time. 

Ex.  2.  Required  the  mean  time  of  sunset  at  New  Orleans, 
Lat  29°  58^  at  the  winter  solstice ;  mean  time  being  one  min- 
ute slow  of  apparent  time.  Ans,  5h.  5m. 

(170.)  The  preceding  methods  are  adapted  to  the  use  of  trav- 
elers and  navigators,  as  the  observations  may  all  be  made  with 
a  sextant  In  fixed  observatories  the  time  is  habitually  found 
by  a  transit  instrument,  which  is  the  most  accurate  method 
known,  as  well  as  the  most  convenient. 

Fourlh  Method, — To  determine  time  by  the  transit  instru- 
ment. 

The  instant  of  the  sun's  passii^  the  meridian  is  the  time  of 
apparent  noon ;  and  hence,  if  we  compare  the  sun's  passage  over 
the  meridian  with  a  chronometer,  we  shall  obtain  the  deviation 
of  the  chronometer  from  apparent  solar  time.  If  to  this  we 
apfriy  the  equation  of  time  with  its  proper  sign,  we  shall  obtain 
the  error  of  the  chronometer  in  mean  time. 

Ex.  1.  The  sun  was  observed  to  pass  the  meridian  at  llh. 
89m.  18.7s.  by  chronometer,  the  equation  of  time  being  +  13m. 
22.58.     Required  the  error  of  the  chronometer. 

Ans.    Om.  41.3s.  slow  for  apparent  time ; 
14m.    3.8s.  slow  for  mean  time. 
Ex.  2.  The  sun  was  observed  to  pass  the  meridian  at  1  Ih. 
56m.  12.21s.  by  chronometer ;  the  equation  of  time  being— 3m. 
56J36s.     Required  the  error  of  the  chronometer. 

Ans.  3m.  47.79s.  slow  for  apparent  time ; 
Om.    8.47s.  fast  for  mean  time. 
In  a  fixed  observatory  it  is  most  convenient  for  ordinary  pur- 
poses to  employ  sidereal  time.     The  error  of  a  sidereal  clock  or* 
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chronometer  is  found  in  the  manner  already  explained,  exoept 
that  we  must  know  the  right  ascension  of  ihe  object  observed. 
The  right  ascension  of  the  sun  and  100  fixed  stars  is  given  ibr 
every  day  of  the  year,  in  both  the  EngUsh  and  American  Nau- 
tical Almanacs ;  and  the  right  ascension  of  1500  stars  is  given 
in  the  catalogue  at  the  close  of  this  volume. 

Ex.  3.  The  star  Rigel  was  observed  to  pass  the  meridian  of 
Greenwich,  February  6,  1851,  at  5h.  6m.  35.41s.  by  a  sidereal 
clock,  the  star's  right  ascension  being  5h.  7m.  22.97s.  Required 
the  error  of  the  clock.  Ans,  47.56s.  slow. 

Ex,  4.  The  sun's  centre  passed  the  meridian  of  Greenwich,' 
Hay  15, 1851,  at  3h.  25m.  35.17s.  by  the  sidereal  clock,  the  sun's 
right  ascension  being  3h.  26m.  33.78s.  Required  the  error  of 
the  clock.  Ans.  58.61s.  slow. 

(171.)  The  error  of  the  clock  may  be  deduced  from  the  tran- 
sit of  any  star  whose  right  ascension  is  known ;  but  the  places 
of  all  stars  contained  in  the  catalogues  are  not  equally  well  de- 
termined ;  and  it  is  obviously  proper  that  the  stars  whose  places 
are  best  determined  should  be  preferred  for  this  purpose.  Tlie 
places  of  the  100  stars  in  the  Nautical  Almanac  are  considered 
to  be  better  known  than  any  others.  At  the  Greenwich  Obser- 
vatory, the  error  of  the  clock  is  determined  exclusively  by  the 
Nautical  Almanac  stars ;  and  only  those  are  used  whose  decli- 
nation is  less  than*40  degree0. 

At  the  Oxford  Observatory,  the  stars  used  for  finding  the  cloek 
error  are  chiefly  the  Nautical  Almanac  stars,  but  occasionally 
other  stars  are  employed. 

At  the  Edinburgh  Observatory,  only  Nautical  Almanac  stars 
are  used  for  determining  the  correction  of  the  clock,  and  of  this 
list  only  those  are  empbyed  whose  places  are  considered  to  be 
best  determined. 


CHAPTER  VI. 

LATITUDE. 

(172.)  The  latitude  of  a  place  is  equal  to  the  elevation  of  the 
pole  above  the  horizon,  and  this  altitude  could  be  easily  determ- 
ined if  the  pole  were  a  visible  point.  But  as  there  is  no  star 
exactly  at  the  pole,  its  position  must  be  determined  by  observa- 
tions of  stars  at  a  distance  from  it. 

FIRST    METHOD. 

By  transits  of  a  circumpolar  star  both  above  and  below 
the  pole. 

The  best  method  of  determining  the  latitude  of  a  place,  so  as 
to  be  independent  of  the  declination  of  the  star  observed,  and 
also  as  free  as  possible  from  the  errors  of  refraction,  is  by  obser- 
vations of  a  circumpolar  star  at  the  time  of  its  upper  and  lower 
culminations.     These  observations  may  be  made  by  means  of 

a  mural  circle,  or  any  graduated  z 

circle. 

Let  HZPO  represent  a  meridian, 
HO  the  horizon  of  the  place  of  ob- 
servation, P  the  place  of  the  pole, 
and  ABGD  the  circle  described  by  ^^  ^ 

a  circumpolar  star  in  its  diurnal  motion.  The  elevation  of  the 
pole  PO  is  equal  to  half  the  sum  of  AO  and  CO,  corrected  for 
refraction. 

Let  A  and  A^  represent  the  altitudes  of  a  circumpolar  star  at 
its  upper  and  lower  culminations ;  also,  let  r  and  /  be  the  re- 
fractions corresponding  to  these  altitudes ;  then 

0=i(A+A'-r-r'), 
both  altitudes  being  measured  from  the  north  horizon. 

If  zenith  distances  instead  of  altitudes  are  observed,  the  co- 
latitude  will  be. 

The  refraction  is  derived  from  Table  VIII. 
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Examples,  The  following  observations  were  made  at  G-reen- 
wich  Observatory : 

Polaris,  May  9,  1851. 

Obcenred  Altitude.  Refyaction.  Trae  AltttoAa. 

Lower  culmination,  50°   (^   8^^49-  48^^08=  49o59^20'^41 
Upper  culmination,  52o58^38'"'.31-  42-^^16=  52Q57-^56"M5 

Sum       =102o57a6^^66 
Latitude=  5P28^38''.28 
6  Ursse  Minoris,  January  22,  1851. 

Lower  culmination,  48°   5a8^''.60-  53^^80=  48°   4' 24^^80 
Upper  culmination,  54°  53^33^^22-  42^^49=  540  52^50^^73 

Sum       =102°57a5'''.63 
Latitude  =  51°  28^  37^^77 
p  Cephei,  March  17,  1847. 

Low.  culmination,  31°  23^  32^^85 -r35''^22=  31°2r57''^63 
Upp.  culmination,  71° 35^36^^53-0^  19^^22= _71°35a7^ 

Sum       =102°5~7a4'^94 
Latitude  =  51°  28' 37^^47 
a  Cephei,  March  17,  1847. 

Low.  culmination,  23°  27'   6''.03  -  2'  13''.53  =  23°  24'  52".50 
Upp.  culmination,   79°  32'  33".71  -  0'  10".66  =  79°32'23".05 

Sum        =  102°  57'  15".5o 
Latitudes  51°28'37".77 
Capella,  June  14, 1837. 

Low.  culmination,    7°  25'  0".72-6'52".78=:     7°  18'   7".94 
Upp.  culmination,  95°  39'   2".42+       5".49=  95°  39'   7".91 

Sum       =102°57'15".85 
Latitude  =  51°28'37".92 

As  the  refraction  for  the  last  star  is  large,  the  result  of  that 
observation  is  less  reliable  than  the  others.  Those  stars  are  ac- 
cordingly to  be  preferred  whose  polar  distance  is  the  least. 

SECOND    METHOD. 

(173.)  By  simple  meridian  alti- 
tudes. 

Let  PZH  represent  the  meridian 
of  the  place  of  observation,  HO  the 
horizon,  Z  the  zenith,  P  the  place  of 
the  pole,  EQ  the  equator,  S  or  S'  a 
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star  on  the  meridian,  SE  or  S^E  its  declination  (d),  SP  or  ST  its 
distance  from  the  pole  (d)j  which  is  the  complement  of  d ;  the 
aro  EH  is  the  complement  of  the  latitude  (<^),  or  90^— 0. 

"We  measure  the  altitude  (A)  of  the  object  S  or  S^  or  its  zenitli 
distance  (Z),  and  correct  it  for  refraction  and  parallax,  if  the 
parallax  is  appreciable.     Then  it  is  evident  that 

EH=SH-SE  =  S^H+S^E. 

These  two  equations  are  included  in  the  same  expression  hy 
T^arding  the  declination  negative  when  it  is  south  of  the  equa- 
tor.    Thus, 

90o-</»=:A~d, 
or  ^=90o  +  d-A. 

But  Z=90°-A. 

Hence  ^=:d+Z, 

for  stars  which  culminate  south  of  the  zenith,  where  6  must  have 
the  negative  sign  when  the  declination  is  south. 

If  the  star  passes  the  meridian  between  the  north  pole  and 
the  zenith,  as,  for  example,  at  B,  then  we  shall  have 

PO=BO-BP; 
that  is, 

^=A — d. 

But  A=90o-.Z,  and  d  =90o-d. 

Hence  <p=6—Z. 

If  the  star  passes  the  meridian  below  the  north  pole,  then  we 
shall  have 

PO=CO+PC; 
that  is,  0=A+rf=18Oo-d-Z. 

Hence  we  shall  have 

^=d+Z  if  the  observations  be  made  to  the  south ; 

^=d— Z  if  to  the  north,  above  the  pole ; 

^=180o-(d+Z)  if  to  the  north,  below  the  pole. 

The  following  observations  were  made  at  G-reenwich  in  1851 : 

Stars  South  of  the  Zenith. 
February  10,  1851. 

ObMrred  Zenith  Distanee.  Reftvctkm.  Tme  Zenith  Distaooe. 

Pdtax 23°    6'24".05+     25".80=     23°    5' 49"'.85 

Star's  decimation  =     28°  22^  47^^70 
Latitade  =     61°  28'  37".55 
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July  10, 1851, 

Otwenred  Zenith  Distance.      Refraction.  True  Zenith  DiataMe. 

Antares  .  .  .  .  77°  3(y  ll''^54-f  4'  15^^48=     77°  34^  27^'.02 

Star's  declination=  -26^    5^  48^^50 
Latitude  =     51^  28'  38^^62 

June  30,  1851. 

Sun.  Observed  zenith  distance  of  upper  limb,     27°  59^  39^^53 

semi-diameter,    + 15'  46''.05 

refraction,  +29^^49 

parallax,  -~3''.93 

true  zenith  distance  of  centre  =     28^  15'  51".14 

Sun's  declination  =  +23Q  12'  47".3Q 

Latitude  =     51^  28'  38".44 

The  method  of  computing  the  sun's  parallax  will  be  explained 

in  Article  206. 

Star  North  of  the  Zenith^  and  above  the  Pole. 
June  29,  1851. 

Observed  Zenith  Distance.   Reflraction.  True  Zenith  Diatanee. 

a  UrsfiB  Majoris,      11°    4' 39".0l4-10"96=     11°    4' 49."97 

Star's  declination  =  +  62°  33'  26".69 
Latitude  =     51°  28'  36".72 

Star  below  the  Pole. 
January  27, 1851. 

Observed  Zenith  Distance.       Refraction.  True  Zenith  Diatanee. 

/3  Ursffi  Minoris,  53°  44'  24".604-l'  20".69=  53°  45'  45".29 

Star's  decimation  =  74°  45'  37".79 
Sum  =128°  31'23".08 
Latitude  =  51°  28'  36".92 

TmRD    METHOD. 

(174.)  By  circum-meridian  altitudes. 

The  preceding  method  gives  but  one  value  of  the  latitude,  be- 
cause the  star  can  only  be  observed  at  the  instant  when  it  crosses 
the  meridian.  But  where  the  observer  is  furnished  with  an  al- 
titude and  azimuth  instrument,  a  repeating  circle  or  sextant,  we 
may  render  any  number  of  observations  made  on  each  side  of 
the  meridian,  and  at  a  short  distance  from  it,  equal  in  accuracy 
to  those  which  are  made  at  the  moment  of  culmination.     For 
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this  purpose,  we  must  know  the  distance  (in  time)  of  the  star 
from  the  meridian  at  the  instant  of  each  observation,  and  we 
can  compute  the  correction  which  ought  to  be  appUed  to  the 
zenith  distance  observed. 

Let  P  be  the  pole,  Z  the  zenith 
of  the  place  of  observation,  PZM  a 
meridian,  S  a  istar  near  to  the  me- 
ridian, H  the  point  where  this  star 
crosses  the  meridian,  and  PS  an 
lioar  circle  passing  through  the  star. 
Suppose  the  zenith  distance,  ZS,  of  the  star  has  been  measured, 
and  corrected  for  refraction,  and  also  for  parallax,  when  the  sun 
or  a  planet  has  been  observed ;  it  is  required  to  compute  the 
zenith  distance,  ZM,  of  the  star  when  on  the  meridian.  Now 
from  the  figure  we  perceive  that 

PS =90°- (J, 
PZ= 90^-0, 
ZM=PM-PZ=0-(J=(Z), 
the  zenith  distance  of  the  star  on  the  meridian. 

With  Z  as  a  centre,  describe  the  arc  SN,  and  the  point  N  will 
be  at  the  same  altitude  as  S.  It  is  required  to  compute  MN=x, 
the  quantity  which  the  star  must  rise  from  S,  before  it  reaches 
the  meridian. 

By  Trig.,  Art.  225, 

cos.  a=cos.  b  COS.  c+sin.  b  sin.  c  cos.  A. 
But  COS.  A = 1  -  2  sin.  ^  A.     Trig.,  Art.  74. 

Hence 

COS.  o=cos.  b  COS.  c+sin.  b  sin.  c— 2  sin.  b  sin.  c  sin.  ^JA. 
Also,  COS.  b  cos.  c+sin.  b  sin.  c=cos.  {b—c).     Trig.,  Art.  72. 
Hence  cos.  a=cos.  {b—c)—2  sin.  b  sin.  c  sin.  ^^A. 
Applying  this  formula  to  the  triangle  PZS,  and  representing 
the  angle  ZPS  by  P,  we  have 

COS.  ZS=cos.  (PS-PZ)-2  sin.  PZ  sin.  PS  sin.  ^P 

=cos.  Z— 2  COS.  ^  COS.  d  sin.  ^JP (1) 

But  ZS=ZM+a:. 

Hence 

COS.  ZS=cos.  ZM  cos.  x— sin.  ZM  sin.  x.     Trig.,  Art.  72. 
But,  since  z  is  supposed  to  be  a  small  arc,  we  may  put 

a;=sin.  x, 


142  Practical  Asteohomt. 


and  eo&  x=l— — +,ete.     CalcohiSi  p.  174 

da 

IieiiC6  "WO 


COS.  ZS=cos.  ZM(l~^-h,  etc)— X  sin.  ZM 

=CQ8.  Z— iar  cQ8w  Z— X  sin.  Z. 

Therefove  equation  (1)  becomes 
eos.Z— Jx'  COS.  Z— xsin.  Z=cos.  Z— 2  co&  ^oos.^  8in.'|Pi 
or  ^x' COS.Z+X  sin.Z=2  CQS.5>cas.^sin.*^P  .  .  (2) 

If  we  neglect  the  term  c<xitaining  x',  and  suppose  x  to  be  ex- 
pressed in  seconds,  we  shall  haye 

__2  sin.  '}P  COS.  ^  COS.  d 
^""        sin.  1    sin.  Z        ' 
which  fonnnla  is  sufficiently  accurate,  when  the  hour  angle  does 
not  exceed  ten  minutes.     If  a  further  apfmiximation  is  required, 
it  may  be  obtained  as  follows : 

Pivide  equation  (2)  by  sin.  Z,  and  we  obtain 

.    1  ^       X    ry      2  sin.  -  JP  COS.  6  COS.  d 

x+ Jar  cot  Z= ^ — =--^- . 

sm.  Z 

Bepresent  the  second  member  of  this  equation  by  B,  and 
I  cot.  Z  by  A,  then  x+ Ax==B, 

or  x=B— Ax*. 

But  B  is  the  approidmate  value  of  x  before  found ;  hence,  for 
a  second  approximation,  we  shall  have 

x=B-AB«; 
or,  supposing  x  to  be  expressed  in  seconds, 

2  sin.  ^ JP  cos.  <>  cos.  d    /sin.  -JP  cos.  ^  cos.  dV  2  cot  Z 


x= 


(sin.  - JP  cos.  ^  cos.  dV  2  cot  Z      -^. 


sin.  V  sin.  Z 

which  b  the  correction  to  be  subtracted  from  the  zenith  distan- 
ces observed  near  the  meridian,  for  an  upper  culmination,  in  or- 
der to  obtain  the  true  meridional  zenith  distance. 

Ex.  1.  On  the  23d  of  February,  1850,  the  zenith  distance  of 
a  Ononis  was  observed  at  Greenwich,  20m.  26.25s.  before  com* 
ing  to  the  meridian,  to  be  44^  18'  30^^31,  the  declination  of  the 
star  being  7^  22'  14'^74  N.  Bequired  the  reduction  to  the  me- 
ndian  and  the  resulting  latitude. 

Here  P=20m.  26.25s.;  therefore  JP^lOm.  13.128.,  whidi, 
reduced  to  arc,  is  2^  33'  16  ^9. 
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an.        2°  33'  16".9=8.64£i071 

'  8.649071  jn»= 4.4926 

008.  ^,  51°  28' 38"    =9.794366  cot.  2=0.0135 

COS.  d,   7°  22'  15"    =9.996396  2  oosec.  1"= 5.6155 

coseo.z,44°    6' 23"    =0.157394  1".32= 0.1216 

'OT =7.246298 

2  cosec,  1"     =5.615455 

727".37= 2.861753 

Therefore 

X = 727^^37  -  V'3Z = 726^^05. 

Henoe  we  have 

Observed  zenith  distance  =44°  18"  3(y^31 
Reduction  to  the  meridian  =  —12"  6"".05 
Corrected  zenith  distance  =44°  6^24^26 
Star's  declination  =  7°  22M[4^4 

Latitude  =51°  28^39"".00 

(175.)  To  diminish  the  labor  of  these  reductions,  Table  X.  has 

2  sin  *iP 
been  computed,  in  which  Part  I.  gives  the  value  of  — .   '  .      ; 

sm.  r" 

and  the  argument  of  the  table  is  the  distance  (in  time)  of  the 
star  from  the  meridian.  This  value  (or  the  sum  of  those  values 
divided  by  the  number  of  observations,  if  more  than  one  observa- 
tion has  been  made)  must  be  multiplied  by  —  .        '    .    Part 

sin.  Z 

2  sin  *iP 
II.  of  the  table  contains  the  value  of  — ^.— V;-,  which  must  be 

sm.  r^ 

multiplied  by  I  — .     „'    J  cot.  Z.     This  second  correction  may 

generally  be  omitted  when  the  distance  from  the  meridian  does 
not  exceed  ten  minutes. 

Ex,  2.  The  following  observations  of  Polaris  at  its  upper  cul- 
mination were  made  at  Washington  Observatory,  November  25, 
1845,  the  altitude  of  the  star  having  been  observed  at  each  vert- 
ical wire  of  the  mural  circle.  In  the  following  table,  column 
first  shows  the  wire  at  which  the  observation  was  made,  column 
seocmd  shows  the  hour  angle  of  the  star  from  the  meridian,  and 
ooloQin  third  shows  the  observed,  zenith  distances  corrected  for 
error  of  runs: 
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Wira. 

II«ar  nftt*. 

Zoilk  Diaaacaa. 

>             TiUeX. 

1 

29  2-5.5 

49  35  27.92 

1697.65 

2 

19  Si.5 

35    2.86 

751.95 

3 

9  49.5 

34  43.12 

189.50 

4 

0  13.5 

34  43.74 

0.10 

5 

9  33.5 

ai  48.27 

179.35 

6 

19  13.5 

35    2.56 

725.25 

7 

29    0.5 

35  23.07 

1649.95 

Means 

■     •••■•••I 

49  35    3.07 

741.96 

Colomn  fourth  OQDtains  the  nnmhers  frouk  Table  X.  ome- 
qponding  to  the  hoar  angles  in  column  second.     The  meajn  of 
these  nambers  is  741^^96.     The  redaction  to  the 
then  compated  as  follows :       « 

741'^96= 2.87038 

COS.  ^  38=»  53'  3^'= 9.89115 

cos.  <5,  83^  29^  a4"=8.42000 

coeec.  Zj  49^  35'  55'=0.11832 

Redacti(m = 19^^95 = 1 .299^5 

The  latitade  will  then  be  obtained  as  follows : 

Hean  of  observed  zenith  distances =49^  35'    3'^07 


Redaction  to  the  meridian 

Refraction 

Corrected  zenith  distance 

Star's  declination 

Latitade 


=  -19^^95 

=  4-1^  11 '-08 
=49^  35^  54-^.20 
=88^  29'  34".15 


=3«^  53'  39''.95 
(176.)  In  the  preceding  redactions  it  is  necessary  to  know  thB 
distance  (in  time)  of  the  san  or  star  from  the  meridian,  or  the 
hour  angles,  at  the  moment  of  each  observation.  These  hour 
angles  are  determined  by  the  chronometer ;  and  it  is  desirabk 
that  its  motion  should  correspond  to  that  of  the  object  observed; 
that  is,  if  the  sun  be  the  object,  the  chronometer  should  be  ad- 
justed to  mean  solar  time ;  and  if  a  star  be  the  object,  the  chio- 
nometer  should  be  adjusted  to  sidereal  time.  This,  however,  m 
not  necessary,  since  a  correction  may  be  readily  applied  so  as  to 
reduce  the  rate  either  from  mean  solar  to  sidereal,  or  from  si- 
dereal to  mean  solar  time.  A  further  correction  b  also  necessaij 
in  all  cases  where  the  chronometer  has  a  gaining  or  a  losing  rate 
on  either  mean  solar  or  sidereal  time.  This  correction  ia  ob* 
tained  in  the  following  manner : 
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If  the  clock  in  24  hoturs  loses  r  seconds,  then,  instead  of  86400 
beats  in  a  day,  it  will  make  only  86400—r.  The  trae  value  of. 
an  hour  angle,  P,  noted  by  such  a  clock,  is 

p   86400  pA  .__r_\ 

86400-r' ""'  ^V^    86400-r;' 
that  is,  the  observed  hour  angle  should  be  multiplied  by  the 
fieu^tor 

II         ^ 
^86400-r 

The  principal  term  of  formula  (3)  for  the  reduction  on  page 
142  contains  the  factor  sin.  ^^P,  which  must  therefore  be  mul- 
tiplied by  the  square  of  the  above  factor,  w^ch  is  nearly  equal  to 

II        2r 
^86400-r 
If  the  clock  indicates  mean  solar  time,  and  we  are  observing  a 
star,  the  clock  loses  235.909s.  in  24  hours,  when  compared  with 
the  progress  of  the  star,  and  we  must  take  r= 235.909s.,  and  the 
preceding  factor  becomes 

l.b05476, 
axid  its  logarithm  is 

0.0023715. 
In  a  similar  manner  we  obtain  the  correction  for  a  loss  or  gain 
of  1,  2,  3,  etc.,  seconds  per  day  of  the  chronometer.  This  cor- 
rection has  been  computed,  and  is  appended  to  Table  X.,  which 
gives  the  logarithm  of  the  factor  to  be  employed  for  a  daily  rate 
of  the  clock  or  chronometer,  amounting  to  ±  30  seconds.  These 
values  are  in  all  cases  additive. 

Ex.  3.  On  the  18th  of  October,  1841,  near  the  River  St.  John's, 
in  latitude  about  46°  53^^  30^^,  the  following  observations  were 
made  on  the  star  a  Ceti,  declination  3°  28'  8'''.2  N.  Column 
first  shows  the  number  of  the  observation,  column  second  shows 
the  hour  angle  of  the  star  from  the  meridian,  and  column  third 
shows  the  observed  altitude  corrected  for  the  error  of  the  sex- 
tant The  chronometer  was  regulated  to  mean  solar  time,  and 
had  a  daily  losing  rate  of  2.78. 

K 
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Tdila 

X. 

OlM. 

1 

UaaAagm. 

Put  I. 

VmJL 

m.        «. 

•        »        » 

i» 

tt 

1 

14  30.0 

46  28  45 

412.70 

0.41 

2 

10  50.2 

46  31  45 

230.54 

0.13 

3 

5    0.0 

46  ai  35 

49.10 

0.01 

4 

1  59.7 

46  35  25 

7.77 

0.00 

5 

2    3.0 

46  35  30 

8J20 

0.00 

6 

5    6.5 

46  34  45 

51J35 

0.01 

7 

7  21.7 

46  33  50 

106.45 

0.08 

8 

13    7.3 

46  30    0 

337.97 

0.28 

9 

16  40.1 

46  26  35 

545.39 

0.72 

Mean: 

3 

46  32  21.1 

194.37 

0.18 

Column  fourth  contains  the  numbers  from  Part  I.,  TaUe  X^ 
corresponding  to  the  hour  angles  in  column  second.     Cohmm 
fifth  contains  the  numbers  frt)m  Part  11.,  Table  X.     The  redno- 
tion  to  the  meridian  is  then  computed  as  follows : 
cos.  0,  46^  53  30''=9.834662 
COS.  d,    30  28'    8' =9.999204 
cosec.  r,  43^  25'  22 '=0.162805 


m'= 9.993 

cot  r=0.023 

0.18=9.285 

0.19=9J271 


111=9.996671 

194' .37=2.288629 

On  account  of  mean  solar  time =0.002371 

On  account  of  rate  of  clock       =0.000027 

193'.95=2;287698 
Therefore       x = 193".95- O' .19 = 193^76. 
Hence  we  have  the  following  results : 

Observed  zenith  distance   =43°  27'  38^9 
Reduction  to  the  meridian  =       -3'  13'^8 

Refraction  = -^     5^\% 

Corrected  zenith  distance  =43^25^20^9 
Star's  declination  =  3^  28'    8''.2 

Latitude  =46^  53^  29  .1 

(177.)  When  the  sun  is  the  object  observed,  we  raual  taki 
into  account  the  change  of  decUnation  during  the  interval  of  liie 
observations ;  for  the  observed  altitude,  corrected  in  the  manlier 
before  explained,  wiH  not  be  equal  to  the  meridian  altitude,  hot 
will  differ  from  it  by  the  change  in  the  sun's  declination.  Let 
the  change  of  the  sun's  declination  in  one  minute  of  time  be  de- 
noted by  d(5,  which  is  positive  when  the  sun  is  approaching  the 
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elevated  pole ;  and  if  P  is  the  sun's  hour  angle  at  the  time  of 
observation,  which  is  negative  before  the  sun  arrives  at  the  me- 
ridian and  afterward  positive,  the  whole  change  of  declination  is 
Vddj  which  is  the  correction  to  be  applied  to  the  altitude  found 
by  Art  176  to  obtain  the  true  meridian  altitude.  When  sev- 
eral observations  have  been  made,  the  mean  of  the  values  found 
by  Art.  176  is  to  be  diminished  by  the  mean  of  the  values  of 
TM.  But  the  hour  angles  have  contrary  signs  on  opposite  sides 
of  the  meridian;  hence,  if  we  make  E=the  sum  of  the  hour 
angles  observed  on  the  east  side  of  the  meridian,  and  W==tho 
sum  of  the  hour  angles  observed  on  the  west  ^de,  (E-'W)dd 
will  be  the  correction  for  the  sum  of  the  ol?served  distances.  If 
we  make  «= the  number  of  the  observations,  the  mean  correction 
to  be  applied  to  the*  mean  of  all  the  observed  zenith  distances 
will  be 

f(E-W), 

where  E  and  W  are  expressed  in  minutes  of  time. 

-Ex.  4.  At  a  station  in  Lat.  51°  32'  N.  nearly,  the  correct 
central  altitudes  of  the  sun  on  the  llth  of  March  were  determ- 
ined by  observation,  as  follows : 


Altitudes. 

Hour  Angles. 

By  TaU.  X. 

34  54  46 

m.     9. 

9  41  E. 

184.1 

55  26 

8  19  E. 

135.8 

56    8 

6  39  E. 

86.8 

56  31 

5  16  E. 

54.5 

56  53 

3  49  E. 

28.6 

57    6 

2  47  E. 

15.2 

57  18 

0  19  W. 

0.2 

57  11 

2    5W. 

8.5 

57    3 

3    9W. 

19.5 

56  48 

4  36  W. 

41.5 

56  26 

6     8W. 

73.9 

The  sun's  meridian  declination  was  3°  30''  38'^  S.,  and  it  was 
decreasing  at  the  rate  of  0''^.98  in  a  minute.  What  was  the  true 
latitude  ? 

Entering  Table  X.  with  the  hour  angles  given  above,  we  ob- 
tain the  values  set  down  in  the  last  column,  the  sum  of  which, 
being  divided  by  11,  will  give  58'''.96 ;  whence,  by  formula  (3), 
page  142,  we  obtain  the  reduction  to  the  meridian,  44''.7. 
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The  sum  of  the  eastern  hour  angles,  diminished  by  the  stun 
of  the  western,  and  divided  by  11,  gives  Im.  50.3s.,  vrhich,  mul- 
tiplied by  (y^.98,  gives  I'^.S  for  the  correction  for  change  of  dec- 
lination. 

Hence  we  have  the  following  results : 

Mean  of  the  observed  altitudes         =     34^  66'  a(y\5 
Reduction  to  the  meridian  =  +44'^7 

Cortrection  for  change  of  declination  =     +1^^»8 

Concluded  meridian  altitude  =     34°  67'  17'^0 

Zenith  distance  =     66°    2' 43'' 

Sun's  declination  =  -  3^  30' 38'^ 

Latitude  ,  =     61^32'    6"  N. 

FOURTH    METHOD.       • 

(178.)  By  a  single  allilude,  the  time  of  observation  being 
known. 

Let  Z  be  the  zenith  of  the  ob- 
server, P  the  pole,  S  a  star  whose 
altitude  is  measured  at  a  known 
instant  of  time.  Then,  in  ihb 
spherical  triangle  ZPS,  we  have 
given  PS = 90°  -  (J,  ZS = Z,  and  the 
hour  angle  ZPS,  to  find  PZ. 

From  S  let  fall  the  perpendicular  SM  upon  PZ  produced. 
Then,  by  Napier's  rule,  we  shall  have 

R.  COS.  P=tang.  PM  cot.  PS = tang.  PM  tang.  <J. 

Hence  tang.  PM=cos.  P  cot.  6 (1) 

MZ=PM-PZ=PM+<^-90^. 
Also,  Trig.,  Art.  216, 

cos.  PM :  COS.  ZM : :  cos.  PS :  cos.  ZS,  * 

or  COS.  PM  :  sin.  (PM + ^) : :  sin.  d :  cos.  Z. 

IJ  /-nxr  .   ^\      COS.  Z  COS.  PM  -^. 

Hence  sm.  (PM+^)= : (2) 

^  sm.  6  ^ 

Equation  (1)  furnishes  the  value  of  PM,  and  equation  (2) 
furnishes  the  value  of  PM  +  ^.  The  difference  between  these 
quantities  is  <^,  the  latitude  required. 

Ez.  1.  At  Ih.  14m.  11.6s.  apparent  time,  the  true  altitude 
of  the  sun  was  33^  40'  35".5,  and  his  declination  5°  15'  28".0  S, 
Required  the  latitude  of  the  place. 
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By  equation  (1),  cos.  18°  32'  54''         =  9.976834 

cot.    5°  15'  28^'  =1.036099n 

PM=95o  32'  39''  tang.  =  1.012933» 
By  equation  (2), 

COS.  56°  19^  24".5= 9.743904 
COS.  PM=8.985035» 
cosec.  d=1^03793Q» 
PM+0=144°  13'  28"  sin.=9.766869 
PM=  950  32'  39^-^ 
<^=  48°  40' 49" 
Ex.  2.  At  a  place  in  Lat.  42°  34'  N.  nearly,  the  altitude  of 
Aldebaran  (Dec.  16°  12'  26"'  N.)  was  found  by  observation  to 
be  39°  2'  10",  when  its  hour  angle  was  3h.  25m.  40s.     What 
was  the  latitude  of  the  place  ?  Ans,  42°  34'  56'^. 

Ex,  3.  At  a  place  in  Lat.  41°  25'  nearly,  the  altitude  of  Reg- 
ulus  (Dec.  12°  41'  18"  N.)  was  found  by  observation  to  be  41"" 
5'  20",  when  its  hour  angle  was  3h.  2m.  21s.  What  was  the 
latitude  of  the  place  ?  Ans.  41°  25'  47". 

Ex.  4.  On  the  27th  of  Febraary,  1850,  the  zenith  distance  of 
Procyon  (Dec.  5°  36'  6".7  N.)  was  observed  at  Greenwich  to  bo 
48°  48'  34".06,  when  its  hour'  angle  from  the  meridian  was  Ih. 
20m.  18.13s.  It  is  required  to  deduce  the  latitude  £rom  this  ob- 
servation. Ans. 

This  method  is  deficient  in  accuracy  when  the  observations 
are  made  far  from  the  meridian,  because  a  small  error  in  the 
hour  angle  produces  a  large  error  in  the  computed  value  of  the 
latitude.      The  observations  should,  therefore,  al-  z 

ways  be  made  as  near  as  possible  to  the  meridian. 

FIFTH    METHOD. 

(179.)  Bp  observations  of  the  pole  star  at  any 
time  of  the  day. 

Let  P  be  the  pole,  Z  the  zenith,  ZPN  the  merid- 
ian of  the  place  of  observation,  and  S  the  pole  star 
in  any  point  of  its  diurnal  circle,  SBS'.  Then  we 
shall  have  ZP =90°  -<^,  ZS=90°  -H,  H  being  the 
observed  height  of  the  star  corrected  for  refraction. 
Represent  the  polar  distance,  PS,  by  d.  Since 
the  arc  (2  is  at  present  less  than  90',  tiie  sides  ZP, 
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ZS,  differ  only  by  a  small  arc,  Xy  which  we  proposs 
to  calculate. 

Let     ZP-ZS=x/  that  is,  H-^=a:, 
or  0=H— X. 

Represent  the  hour  angle  ZPS  by  P.     The  spher- 
ical triangle  ZPS  furnishes  by  Trig.,  Art  225, 

cos.  ZS=co8.  PS  COS.  PZ+sin.  PS  sm.  PZ  cos.  P, 
or 
sin.  H = COS.  rf  sin.  (H — x) + sin.  d  COS.  (H — a;)  COS.  P. 

By  substituting  the  values  of  sin.  (H--x),  and 
COS.  (H— x),  Trig.,  Art.  72,  and  dividing  the  whde 
equation  by  sin.  H,  we  obtain 
l=cos.  d  (cos.  X— sin.  z  cot.  H) 

+sin.  d  (cos.  x  cot.  H+sin.  x)  cos.  P, 
1=008.  x  (cos.  rf+sin.  d  cot.  H  cos.  P) 
—sin.  X  (cos.  d  cot.  H— sin.  d  cos.  P). 

Let  us  put 

a=cos.  rf+sin.  d  cot  H  cos.  P, 
6=cos.  d  cot  H— sin.  d  cos.  P, 
and  we  have 

l=a  COS.  x—b  sm.  x 

But  by  Calculus,  Art.  228, 

8m.y=y--+-^^2^j-,etc. 


(1) 


cos.  y=l-|-+|j-,etc. 


Therefore 


a  =  l+d  cos.  P  cot  H— — — —  cos.  P  cot  H+,  etc. 

^     o 

(P  cP 

b=:coi.  H— rf  COS.  P— -^  cot  H+—  cos.  P-h,  etc. 

Let  us  now  assume 

x=Ad+Bd^+Cd^+,e\c (2) 

where  A,  B,  and  C  represent  unknown  coefficients  independmit 

;)frf. 

Then  we  shall  have 

COS.  x  =  l ABrf'-f  I  etc. 
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sin.  z=zAd+B(P+{C'^^^\cP+,  etc. 

Sabstitating  in  eqoation  (1)  the  values  of  a,  by  sin.  a;,  and 

COS.  Xj  arranging  the  terms  in  the  order  of  the  powers  of  d,  and 

retaining  all  the  terms  which  contain  the  first  three  powers  of  dj 

we  obtain 

(P    (P 
l  =  l+oos.  P  cot.  H.rf— — — —  cos.  P  cot.  H 

2     6 


-A  cot.  K.d+A  COS.  P.cP+-^  cot.  H+R?  cos.  P 


-B  cot.  H.cP-/'c-:^cot.  H.d». 


Since  this  equation  must  be  verified  by  any  value  of  d^  the 
terms  involving  the  same  powers  of  d  must  cancel  each  other. 
Algebra,  Art.  300. 

Hence, 

First.    COS.  P  cot  H— A  cot.  H=0 ;  whence  A=cos.  P. 

A* 
Second.       — i — o-+-*-  ^^^'  P—B  cot.  H=0. 

Therefore, 

T»       X  TT  an      cos.  ^P       ,       COS. 'P  — 1  siu.  *P 

Bcot.H=cos.«P 2^-^^- 2 ^ 2~' 

sin  ^P 
Hence  B  = ^ — tang.  H. 

Third.      _2^_A»  <^-  P+A_/^_A3\^Q 

Whence,  substituting  the  value  of  A  already  found, 

3C  =  C08.  P-cos.  T 
=cos.  P(l-cos.  ^P) 
=cos.  P  sin.  *P. 
Therefore, 

C=i  COS.  P  sin.  ^P. 

Substituting  these  values  in  equation  (2),  we  obtain    . 
x=id  COS.  P— J  sin.  ^P  tang.  H.£?+  i  cos.  P  sin.  ^P^P. 

In  order  that  x  and  d  may  be  expressed  in  seconds  of  arc,  we 
must  change  these  letters  into  x  sin.  X'^  and  d  sin.  1^^ ;  whence 
we  have 
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4>=K-d  ooe.  T+i  sin.  V  (d  sin.  P)*  tang.  H 

-isin.*r'(rfoo8.P)(rf8in.  P)* (3) 

The  last  term  of  this  equation  never  amounts  to  half  a  sec- 
ond, and  may  therefore  generaUy  he  omitted. 

Ex.  1.  The  altitude  of  the  pole  star  being  fonnd  46^  IT  28"', 
the  hour  angle  5h.  42nL  4.4s.  from  the  upper  culminaticm,  and 
the  polar  distance  1^  28'  7''.68 ;  required  the  latitude  of  the 
place. 

Computation  by  formula  (3), 
rf=5287'^68=3.72327  rf=3.7233       rfoos.  P=2.616 

008.  P,  85Q  3r  6^^=8.89287  8in.P=9.9987   (rf  sin.  P)*= 7.444 
4W.2=2.61614  3.7220     i  sin.n''=8.894 

3.7220  0^^1=8.954 

tang.  H,  0.0196 
J  sin.  1   =4.3845 
70^^5=1.8481 

Result. 

Observed  altitude,  H=46o  17'  28''.0 

first  correction,        =       —6'  53'' J8 

second  correction,    =       +1'  10".5 

third  correction,       =  —  0".l 

Latitude  =46°  11'  45".2 

The  computation  may  also  be  performed  by  the  formulas  of 
Art  178. 

coaP=  8.892874 

cot.  d=  8.408935 

PM=6'  53".3  tang.  =  7.301809 

sin.  H=9.8590542 

COS.  PM= 9.9999991 

coeec.  d= 0.0001427 

PM+0=46o  18'  38".5= 9.8591960 

PM=  6'  53".3 

Latitude =46o  11'  45'^.2 

The  method  of  Art.  178  is  about  as  convenient  as  the  god 
here  explained,  except  that,  when  great  accuracy  is  demandedf 
the  former  method  requires  logarithms  to  seven  places. 

Ex.  2.  The  altitude  of  the  pole  star  being  43^  2'  38"  wfaflO 
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the  hour  angle  was  76°  0"  2'^  from  the  rqpper  ouhnination,  and 
its  Dec.  88°  31''  52^^32 ;  required  the  latitude  of  the  observer. 

Ans.  42°  42^  18  ^2. 
Ex.  3.  The  altitude  of  the  pole  star  being  found  39°  V  39"^ 
the  hour  angle  5h.  36m.  41s.  from  the  upper  culmination,  and 
the  polar  distance  1°  28'  7''^68 ;  required  the  latitude  of  the 
place.  Ans.  38°  53'  36  ^2. 

SIXTH    METHOD. 

(180.)  By  observing  the  difference  of  the  meridional  zenith 
distances  of  two  stars  on  opposite  sides  of  the  zenith. 

If  we  select  two  stars  whose  places  are  well  known,  one  of 
which  culminates  to  the  north,  and  the  other  to  the  south  of 
the  observer,  at  nearly  the  same  distances  from  the  zenith,  and 
^thin  a  short  interval  of  time,  and  measure  accurately  the 
difference  of  their  zenith  distances,  the  latitude  of  the  place  of 
observation  may  thence  be  easily  deduced.  If  we  represent  the 
zenith  distance  of  the  northern  star  by  Z.,  and  that  of  the  south- 
em  star  by  Z, ;  also  the  declination  of  the  northern  star  by  d„, 
and  that  of  the  southern  star  by  6^  then,  by  Art.  173,  we  shall 
have 

0=4+Z,; 

0  =  <Jb  —  Zn. 

Hence  2^=<J,H-<J,+Z,-Z„; 

that  is,  the  sum  of  the  declinations  of  the  two  stars  (which  are 
given  by  the  catalogue),  added  to  the  difference  of  their  zenith 
distances,  gives  twice  the  latitude  of  the  place. 

(181.)  The  instrument  employed  in  measuring  the  difference 
of  the  zenith  distances  is  called  the  Zenith  Telescope.  The 
figure  on  the  next  page  represents  this  instrument  in  the  form 
now  used  in  the  coast  survey  of  the  United  States. 

A,  A  are  two  of  the  feet  screws  which  support  the  entire  in- 
strument, and  by  which  the  column  carrying  the  telescope  is 
rendered  truly  vertical. 

G,  C  is  the  horizontal  circle,  12  inches  in  diameter,  graduated 
to  ICK,  and  reading  to  KK"",  by  means  of  its  vernier  and  micros- 
cope V. 

B  is  the  tangent  screw  for  slow  motion. 

This  circle  serves  to  mark  the  position  of  the  meridicln,  when 
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ft 

it  has  once  been  determined,  and  likewise  enables  the  observer 
to  turn  the  telescope  promptly  through  180^  in  azimuth. 

D  is  the  vertical  column  which  supports  the  telescope,  and 
about  which  the  telescope  turns  freely  in  azimuth. 

E  is  a  horizontal  axis,  to  one  end  of  which  is  attached  the 
telescope,  TT,  which  is  counterpoised  by  the  weight  W,  at  the 
other  end. 

This  axis  is  hollow,  and  through  it  passes  the  light  of  the 
lamp,  H,  to  illumine  the  wires  of  the  telescope.  The  telescope 
has  a  focal  length  of  about  40  inches,  and  an  aperture  of  3  inches. 

L  is  a  level  resting  upon  the  horizontal  axis,  by  means  of 
which  the  column  D  is  rendered  truly  vertical. 

M  is  a  graduated  semicircle  attached  to  the  telescope,  and 
having  a  vernier,  N,  with  a  microscope.  This  semicircle  serves 
as  a  finder  for  setting  the  telescope  to  the  altitude  of  the  stars 
to  be  observed. 

S,  S  is  a  very  delicate  level  attached  to  the  semicircle. 

P  is  the  parallel  wire  micrometer  for  measuring  small  differ- 
ences of  altitude,  having  three  fixed  vertical,  and  two  movable 
horizontal  wires. 

B  is  the  diagonal  eye-piece,  which  is  made  of  unusual  length, 
so  that  the  micrometer  may  not  interfere  with  the  observations. 
The  eye-pieces  employed  have  a  field  of  view  of  firom  10'  to  15^. 

,(182.)  Method  of  Observation. — Select  a  pair  of  stars,  the 
difiference  of  whose  zenith  distances  does  not  exceed  a  convenient 
range  of  the  micrometer,  say  ten  minutes,  one  of  which  culmi- 
nates to  the  north,  and  the  other  south  of  the  zenith.  Having 
leveled  the  instrument,  set  the  telescope  to  an  altitude  midway 
between  the  two  stars,  and  bring  the  bubble  of  the  level  S  to  the 
middle  of  its  scale.  Bring  the  telescope  into  the  plane  of  the 
meridian  by  setting  the  vernier  of  the  horizontal  circle  to  the 
point  previously  determined.  As  the  first  star  enters  the  field 
of  view,  follow  its  image  with  one  of  the  horizontal  wires,  and 
bisect  it  at  the  instant  it  crosses  the  middle  vertical  wire.  Re- 
cord the  position  of  the  level  S,  noting  the  divisions  correspond- 
ing to  each  extremity  of  the  bubble.  Turn  the  telescope  180° 
in  azimuth,  being  careful  to  preserve  the  same  inclination  to  the 
horizon,  and  make  a  similar  observation  upon  the  second  star, 
bisecting  it  with  the  other  horizontal  wire. 
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A  comparison  of  the  readings  of  the  two  miorometer  sorewi 
will  give  the  difference  of  zenith  distance  of  the  two  stars,  wiiioh 
must  be  corrected  by  the  readings  of  the  level,  if  the  readings 
at  each  extremity  are  not  the  same  in  both  oases ;  and  also  far 
the  difference  of  the  refractions  of  the  two  stars. 

The  stars  should  be  so  selected  that  their  zenith  distanoei 
may  be  as  small  as  practicable,  and  should  in  no  case  exceed 
25  degrees. 

The  following  observations,  made  at  Mount  Independence, 
Maine,  one  of  the  coast  survey  stations,  September  25,  1849, 
will  illustrate  this  method.  The  pair  of  stars  employed  con- 
sisted of  Nos.  6983  and  6996  of  tiie  British  Association  cata- 
logue, whose  apparent  places  were 


No. 

Right  Aaceiuion. 

Declination. 

6983 
6996 

20  10  50'05 
20  12  48.19 

47  15  40.70 
40  16  19.21 

The  formula  for  latitude  is 

20=<J.+d.+Z.-Z.. 

Here  <J.+dn=87o  31^  59^^91 ;  Z.-Z.  was  found,  by  obeenrft. 
tion,  equal  to  -50^^29.  Therefore  2^=87°  31'  9'^62.  The 
observations  indicated  no  correction  for  level ;  and  the  oomc^ 
tion  for  difference  6f  refraction  was  —  (K^02.  Hence  the  final 
latitude  is  43°  45'  34^^80. 

September  27th,  the  same  stars  were  again  observed,  wfaeo 
cJ.+(Jn  equaled  87°  32'  (y'AO;  Z,-Z,  v^as  found  equal  to 
— 49''.43.  The  correction  for  level  was  +(K'.90,  and  for  refrac- 
tion ~0''.02,  from  which  we  deduce  the  latitude,  43°  45'  35'^92. 

(183.)  This  method  of  determining  latitude  possesses  the  fiol- 
lowing  advantages :  1.  It  eliminates  almost  entirely  the  effiMSi 
of  atmospheric  refraction,  since  we  only  require  the  diffeienoa 
of  refraction  of  the  two  stars.  With  a  zenith  distance  of  25  de- 
grees, and  a  difference  of  altitude  of  24'  between  the  two  stais, 
this  difference  of  refraction  does  not  exceed  half  a  second  of 
arc.  The  observations  are  generally  made  much  nearer  to  the 
zenith  than  25^,  and  the  difference  of  altitude  iff  commonly  but 
a  few  minutes. 

2.  The  angular  measurements  required  are  made  by  means 
of  a  micrometer,  so  that  there  is  no  occasion  for  a  large  grado- 
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ated  oirole,  the  semicirole  attaohed  to  the  telescope  being  used 
merely  as  a  finder. 

The  chief  objection  to  this  method  is,  that  the  resulting  lati- 
tude is  affected  by  any  error  which  may  exist  in  the  assumed 
declinations  of  the  stars  employed,  and  we  are  generally  obliged 
to  make  our  selections  from  stars  whose  places  have  not  been 
determined  with  the  greatest  accuracy.  When  accurate  de- 
terminations of  the  stars  employed  can  be  obtained  with  the 
huge  instruments  of  a  fixed*  observatory,  this  objection  is  mostly 
obviated. 

SEVENTH   METHOD. 

(184.)  By  observations  with  a  transit  instrument  in  the 
prime  vertical. 

This  method  supposes  the  transit  instrument  to  be  placed 
with  its  supports  north  and  south,  so  that  the  telescope,  when 
directed  toward  the  horizon,  points  due  east  and  west.  We 
must  then  observe  the  passage  of  some  known  star  over  the 
same  wires  when  the  telescope  is  pointing  west.  From  these 
observations  we  may  determine  the  latitude  of  the  place,  or 
Uie  declination  of  the  star,  when  either  of  these  quantities  is 
known. 

Let  P  represent  the  pole  of  the  earth, 
Z  the  zenifb  of  the  observer,  EZW  the 
prime  vertical,  which  is  also  the  Ime  de- 
scribed in  the  heavens  by  the  transit ; 
and  let  the  arc  SBS^  be  the  path  of  a 
star  which  culminates  a  little  south  of 
the  zenith.  Let  the  times  at  which  a  star  crosses  the  field  of 
the  transit  at  S  and  S^  be  noted ;  then  will  the  angle  SPS^,  which 
is  the  difierence  of  those  times,  be  known.  Then,  in  the  right- 
sng^  spherical  triangle  PZS,  by  Napier's  rule, 

R.  cos.  ZPS=tang.  PZ  cot.  PS. 

Put  ZPS=P=half  the  sidereal  interval  between  fbe  times 

of  east  and  west  transit ; 
d=90o-PS=the  declination  of  the  star ; 
0=9Oo--PZ=the  latitude  of  the  place. 

Then 

cos.  P=cot.  0  tang.  6 ; 
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tang.^=^ <^) 

which  is  the  same  as  given  in  Art.  148. 

Ex.  1.  On  the  16th  of  December,  1844,  the  transit  of  a  Lyre 
over  the  prime  vertical  of  Cambridge  was  observed  at  16h.  34m. 
47.3s. ;  and  again  at  20h.  25m.  14.0s. ;  the  declination  of  tk 
star  being  38°  38'  42'^05.     Required  the  latitude  of  the  ohsM^ 

vatory. 

Here  P= Ih.  55m.  13.35s.  in  time,  or  28°  48'  20''.25  in  aro. 

tang.  (J,  38°  38'  42".05= 9.9028601 
COS.  P,  28^  48'  20^'.25= 9.9426327 
Latitude =42^  22'  48".3  tang. =9.9602274 
Ex.  2.  On  the  4th  of  January,  1846,  the  transit  of  a  Lyro 
over  the  prime  vertical  of  Washington  was  observed  at  18h.  27m. 
0.35s. ;  and  again  at  19h.  28m.  1.0s. ;  the  declination  of  the  stv 
being  38°  38'  42".37.     Required  the  latitude  of  the  observatory. 
Here  P=Oh.  30m.  30.325s.  in  time,  or  7°  37'  34".87  in  aic. 

tang.  <J,  38°  38'  42".37= 9.9028615 
COS.P,   7Q  37'  34".87= 9.9961414 
Latitude =38o  53'  37".l  tang. =9.9067201 
(185.)  When  these  observations  are  made  for  the  determint^ 
tion  of  latitude,  it  is  best  to  select  a  star  which  culminates  but 
a  little  south  of  the  zenith,  as  the  same  error  in  the  observations 
will  have  loss  influence  upon  the  result     The  transit  instrument 
may  be  brought  nearly  into  the  prime  vertical,  by  compnting 
the  time  when  a  star  which  culminates  several  degrees  sootli 
of  the  zenith  will  pass  the  prime  vertical.     The  formula 

COS.  P=cot.  <t>  tang.  <J 
gives  the  hour  angle  between  the  meridian  and  the  time  of 
transit  over  the  prime  vertical.  The  right  ascension  of  the  stari 
minus  the  hour  angle,  gives  the  time  of  the  east  transit ;  and 
the  right  ascension,  plus  the  hour  angle,  gives  the  time  of  west 
transit 

(186.)  When  the  instrument  is  brought  nearly  into  the  prime 
vertical,  the  error  in  azimuth  may  be  determined  as  follows: 
Half  the  sum  of  the  times  of  transit  over  the  east  and  west  ver- 
ticals, gives  the  time  of  transit  over  the  meridian  of  the  instm- 
ment.  This  result  should  be  equal  to  the  right  ascension  of  the 
stari  correoted  for  the  error  of  the  clock.    If  the  two  r^ults  are 
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not  equal,  their  difference  shows  the  angle  which  the  meridian 
of  the  instrument  makes  with  the  true  meridian. 

If  the  plane  of  the  telescope  deviates  much  from  the  prime 
vertical,  the  co-latitude  deduced  will 
be  sensibly  too  small.  Suppose  the 
axis  deviates  to  the  east  of  north,  and 
that  the  telescope  describes  a  verti- 
cal circle,  passing  through  E^ZW; 
then  will  PZ^  which  bisects  SS<,  be 
the  co-latitude  which  results  from 
the  above  formula. 

The  correction  for  this  deviation  may  be  computed  as  follows : 
Take  the  half  sum  of  the  times  of  transit  over  the  east  and  west 
verticals,  correct  it  for  the  error  of  the  clock,  and  subtract  the 
result  from  the  star's  right  ascension.  The  difference  will  be 
the  angle  ZPZ^.  Now,  from  the  right-angled  triangle  PZZ^  we 
have 

tang.  PZ  COS.  ZPZ"=tang.  PZ"=tang.  PS  x  cos.  SPZ% 
,         ^     tang.  6  X  cos.  ZPZ' 
*^g'^=-      COS.SPZ-       • 

The  angle  ZPZ^  is  the  same  for  all  stars,  and  it  is  better  to 
deduce  its  value  from  a  star  which  culminates  several  degrees 
south  of  the  zenith,  since  the  same  error  in  the  observations  will 
have  less  influence  upon  the  azimuth  deduced. 

(187.)  If  we  reverse  the  telescope  upon  its  supports,  any  error 
of  colUmation  or  inequality  of  pivots  will  produce  exactly  a  con- 
trary effect  on  the  latitude.  Observations,  therefore,  of  two  stars 
on  the'same  day,  in  reversed  positions  of  the  telescope,  or  of  the 
same  star  on  following  days,  in  reversed  positions  of  the  tele- 
scq>e,  will  correct  each  other,  and  the  mean  will  give  the  true  lat- 
itude, if  the  declination  of  the  star  is  accurately  known.  This 
is  one  of  the  best  methods  of  determining  the  latitude  with  a 
portable  instrument. 

In  the  equation 

COS.  P =cot.  ^  tang,  d, 
either  ^  or  <J  may  be  computed  when  the  other  quantity  is  known. 
Hence,  in  a  fixed  observatory,  when  the  latitude  is  well  de- 
termined, the  declinations  of  stars  may  be  determined  with  great 
precision  by  a  transit  instrument,  adjusted  to  the  prime  vertical. 
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But  to  acoomplish  this  object  in  the  best  manner  requires  ao 
instrument  of  a  peculiar  construction.  The  instrument  should 
admit  of  having  the  level  applied  to  it  while  the  telescope  is  in 
the  position  of  observation,  and  it  should  also  admit  of  being  re- 
versed with  ease  and  rapidity.  The  figure  <m  the  opposite  page 
represents  the  instrument  used  for  this  purpose  at  the  Washing* 
ton  Observatory,  and  ¥ras  made  by  Pistor  and  Martins,  of  Berlin. 

(188.)  The  instrument  rests  on  a  block  of  granite,  HH,  6  feet 
5  inches  high,  3  feet  3  inches,  from  east  to  west,  and  3  feet  7 
inches  from  north  to  south.  This  block  is  cut  so  as  to  form  two 
columns  4^  feet  high,  separated  by  a  cavity  whicd  contains  die 
reversing  apparatus. 

S  is  the  axis  of  the  instrument,  terminating  in  two  pivots, 
B,  B,  3.6  inches  in  diameter;  to  one  of  which  is  attached  Ae 
telescope,  T,  to  the  other  the  cylinder,  U,  which  counterpoises 
the  telescc^.  The  telesccqie  is  6^  feet  bcal  length,  and  4.8 
inches  clear  aperture. 

y,  V  are  the  Ys  which  support  the  axis,  and  C,  C  are  frictioo 
rollers,  with  grooves  for  relieving  the  Y^s.  They  are  r^ulated 
by  the  counterpoises  W,  W,  all  of  which  are  curried  by  the  re- 
versing apparatus. 

The  axis,  S,  is  hollow,  and  contains  a  lever,  r,  one  end  of 
which  expands  into  a  fork^  and  is  firmly  secured  at  x  to  each 
side  of  the  telescope  tube.  To  the  other  end  of  the  lever  is  at- 
tached  the  counterpoise,  K,  which  transfers  the  weight  of  the 
telescope  to  that  part  of  the  pivot  which  rests  immediately  upon 
the  Y's.  A  similar  counterpoise  is  placed  on  the  other  side,  to 
produce  the  same  effect  with  reference  to  the  cylinder  U. 

Z  is  the  striding  level,  which  rests  permanently  upon  the  piv- 
ots B,  B  during  the  observations ;  and  L  is  a  mirror  for  iUumioa- 
ting  the  level  divisions  by  means  of  a  lamp.  The  level  tube  is 
protected  by  a  glass  case,  G,  and  there  is  a  cross  level  at  A. 

About  the  middle  of  the  axis,  at  d^  is  a  clamp  for  slow  mo- 
tion of  the  telescope,  and  a  screw,  with  a  Hook's  joint,  at  E. 

The  reversing  apparatus,  P,  P,  turns  on  an  inverted  cone, 
working  in  the  hollow  cylinder,  R,  and  is  strengthened  by  the 
cross  iron  bars,  a,  a,  a,  which  are  supported  by  the  flat  iron  bars, 
6,6. 

H  is  a  crank  which  turns  a  cog-wheel  at  N,  which,  by  means 
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of  a  screw,  lifts  the  hollow  cylinder,  R,  and,  by  means  of  dw 
forks,  /,  /,  lifts  the  horizontal  axis  until  the  pivots,  B,  B,  aro 
sufficiently  high  to  clear  the  Y^s.  The  telescope  is  then  tamed 
to  a  zenith  distance  of  about  45^,  and  is  revolved  to  the  other 
side  of  the  pier.  It  is  prevented  firom  going  too  far  by  the  arm 
P,  which  is  so  adjusted  as  to  strike  the  pin  D,  when  the  tek* 
scope  is  exactly  over  the  Y's. 

n  is  a  finding  circle  for  setting  the  telescope  upon  a  star. 

J  is  the  handle  of  a  screw,  which  moves  a  slide  at  O  for  reg- 
ulating the  illumination  of  the  wires. 

t  is  the  micrometer  head  and  screw  movmg  the  micrometer 
wire. 

piBa.  lever  which  carries  the  eye-pieo3  across  the  field. 

In  the  eye-piece  of  the  telescope  are  inserted  two  horiziHitil 
and  parallel  threads,  distant  V  bom.  each  other ;  and  also  15 
fixed  vertical  lines,  with  one  movable  one.  The  transits  over 
the  vertical  lines  are  designed  to  be  observed  midway  between 
the  two  horizontal  lines. 

(189.)  Mode  of  observation. 

Having  determined  the  error  of  level  of  the  axis,  direct  the 
telescope  to  a  star  while  it  b  yet  north  of  the  eastern  prime 
vertical,  and  observe  the  transit  of  the  star  over  each  of  Ae 
wires  preceding  the  middle  of  the  field ;  the  altitude  of  the  tel- 
escope being  continually  changed,  so  that  the  obUque  transit  may 
be  observed  over  the  centre  of  each  wire.  When  the  star  has 
passed  the  wire  next  before  the  middle,  reverse  the  axisy  by 
which  means  the  telescope  will  be  carried  to  the  opposite  side 
of  the  pier,  and  observe  the  passage  of  the  star,  now  on  the  sootli 
side  of  the  eastern  prime  vertical,  over  the  same  wires  as  beftn, 
but  in  the  opposite  order.  Determine  again  the  error  of  level 
of  the  axis.  When  the  star  is  af^roaching  the  western  prime 
vertical  from  the  south,  the  instrument  being  still  in  its  aeooDd 
position,  ascertain  again  the  error  of  level  of  the  axis.  Again 
observe  the  transit  of  the  star  over  the  first  seven  wires  preoedii^ 
the  middle  of  the  field ;  reverse  the  instrument  to  its  first  poa- 
tion,  and  observe  the  transit  of  the  star,  now  on  the  north  side 
of  the  western  prime  vertical,  over  the  same  wires.  Finally, 
ascertain  the  error  of  level  of  the  axis  in  the  last  position. 

The  following  observations  were  made  by  Struve,  with  tlia 
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prime  vertical  transit  of  Hie  Fulkova  Observatory.     The  num- 
bers in  the  last  column  are  read  from  below,  upward. 

January  15,  1842.    o  Draconis. 


KA8T   VKRTICAL. 

WB8T    VUtTICAL. 

Telescope  S. 

Telescope  S. 

Wires. 

A»       fR»           #• 

A«              fit*                        Mm 

I. 

17  54  30.7 

19  42  61.4 

II. 

65    8.65 

42  13.65 

III. 

55  44.4 

41  38.0 

IV. 

56  22.25 

40  59.86 

V. 

57    0.6 

40  21.7 

VI. 

67  40.9 

39  41.4 

vn. 

17  58  19.5 

19  39    2.7 

Telew»pe  N. 

Telescope  N. 

VII. 

18    1    4.0 

19  36  17.85 

VI. 

1  45.5 

35  37.0 

V. 

2  29.8 

34  62.35 

IV. 

3  12.7 

34    9.3 

III. 

3  57.6 

33  24.7 

n. 

4  39.8 

32  42.1       * 

I. 

18    5  26.35 

19  31  55.6 

Level  =  +0".687 

Level  =  +0".923 

(190.)  The  reduction  of  the  observations  is  made  as  follows, 
each  wire  being  treated  separately. 

Let  NESW  represent  the  horizon, 
NS  the  meridian,  E  W  the  prime  vert- 
ioaly  P  the  pole,  and  A  the  place  of  the 
star  at  its  transit  over  one  of  the  wires 
of  the  telescope.  Join  FA  and  NA 
by  arcs  of  great  circles.  The  projec- 
tion of  each  wire  on  the  sky  is  a  small 
oirole,  whose  pole  is  the  north  point, 
N,  of  the  horizon.  If  c  represent  the 
angular  distance  of  one  of  the  wires  from  the  line  of  collimation, 
90°— £?  will  be  the  radius  NA  of  the  small  circle,  when  the  star 
is  seen  on  it,  north  of  the  prime  vertical,  and  90° +c  when  the 
star  is  south  of  the  prime  vertical. 

In  the  triangle  PNA,  by  Trig.,  Art.  225,  we  have 
COS.  NA=cos.  NP  cos.  PA + sin.  NP  sin.  PA  cos.  NPA. 

Let    ^=NF  the  latitude  of  the  place ; 
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<5=90O'-FA=the  star's  dedination ; 
tj  r=the  hour  angles  SPA  from  the  meridian,  at  the  two 
observaticms  over  the  same  wire,  in  the  direct  and 
reversed  positions  of  the  axis. 
Then,  when  the  star  is  north  of  the  prime  vertical, 
008.  (90^— c)=sin.  c=co8.  ^  sin.  i5— sin.  (f>  cos.  6  cos.  t; 
and,  when  the  star  is  south  of  the  prime  vertical, 

COS.  (90^+c)=  — sin.  c=co8.  if>  sin.  <5— sin.  ^  cos.  6  cos.  f. 
Adding  these  two  equations,  we  obtain 

0=2  sin.  6  cos.  ^— cos.  6  sin.  ^  (cos.  Z+oos.  ^), 
or,  Trig.,  Art  75, 

.    *  ^   oos.^+cos.r        r+t      r— /    ,«. 

tang.  6  cot  ^= ^ =cos.  —^  cos.  — ^.     (2.) 

This  formula  will  furnish  the  declination  when  the  latitude 
is  known,  or  the  latitude  when  the  declination  b  knovni.  Hie 
latitude  of  the  Pulkova  instrument  is  59^  46^  18^^.  ^  represents 
half  the  interval  between  the  first  transit  east  and  the  seoood 
transit  west ;  and  t  is  half  the  interval  between  the  aeoond  tran- 
sit east  and  the  first  transit  west. 

(191.)  The  following  is  Struve's  reduction  of  the  preceding 
observations,  a  correction  of  +  0.09s.  being  applied  to  the  inter- 
val  W.— E.  for  rate  of  clock. 


Wtivl.      I  Wire  II.  I  Wire  III.  |  Wire  IV. 


WiivVIL 


Wire  V.  I  wire  VI. 


cog.  *(/'+/), 

CO..  K'-Oj 

tang.  ^ 

tang.  6 


k.  m.  «.  Im. 
1  48  20.79  47 
1  26  29.34  28 
0  48  42.53  48 


9. 


5.09j46 


2.39  29 
46.8748 
0  5  27.86!  4  45.67  4 


53.69 

27.19 

50.22 

6.62 


9.9901167 
9.9998765 
0.2345728 


0.2245660 
59  11  39T0O 


0871 
9063 
5728 


0642 
9301 
5728 


5662 
39.041 


5671 
39.'23 


44  37 
30  56.69 
48  53 
3  25.251 


69143  21.19142 
32  22.6433 
60148  55.9648 
2  44.64 


0411 
9516 
5728 


0250 
9688 
5728 


5655 
38.'90 


5666 
39.12 


0.59 

51.59 

66.05 

2  2.25 


m.      a. 


40 
35  laMi 
48  6»  Jl 
1 


0107 
9828 
5728 


5663 
39^06 


6S7IJ 

I 

asjij 


The  mean  error  of  level  of  the  instrument  may  be  applied  to 
0,  or  we  may  apply  a  correction  to  the  declination  obtained  wifli 
a  constant  value  of  0.  If  the  inclination  of  the  axis  be  denoted 
by  I,  which  is  the.  mean  of  the  two  inclinations,  telescope  N  and 
telescope  S,  then' 0+1  should  be  used  in  place  of  0,  in  formola 
(2),  Art.  190.     Now,  by  formula  (1),  Art  184,  we  have 

tang.  d=tang.  ^  cos.  P. 

By  differentiating,  supposing  P  constant,  we  obtain 
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Hence 


dd  sec.  M=;£E^  sec.  ^^  cos.  P. 


or 


J*    j^  sec.  V  ^^BLDg.  6     ,    COS.  6  sin.  6      ,    sin.  2d 

d6=d(p 5T7— ^=^ : =^  -= — ^-» 

sec.  M  tang.  ^         cos.  ^  sm.  ^      ^  sin.  2^ 

,^    sin.  2<Jt 


=69°  11^  39^^885 


sin.  2^ 

In  the  preceding  observations  the  mean  inclination  of  the  axis 

was  +(y'B05. 

The  mean  value  of  6  =59°  IV  39''.071 

Correction  for  inclination  of  axis  +0^^814 

Observed  declination 

(192.)  The  declination  thus  found 

is  not  correct,  unless  the  telescope  is 

truly  adjusted  to  Hie  prime  vertical. 

Suppose  there  is  an  error  in  the  azi- 

mutii  of  the  instrument  equal  to  a  or  ^ 

90^-PZZ^;  then,inihetrianglePZZ^ 

.         T>    cot.  PZZ^    tamr.  a 
tang.  P= =z=^ — , 

COS.  rZ       sm.  <f> 
If  the  error  in  azimuth  be  small,  we  ma^  assume 

sm.  ^ 
which  represents  the  angle  at  the  pole,  between  the  true  me- 
ridian and  the  meridian  of  the  instrument.  The  instant  of  the 
star's  passage  over  the  meridian  of  the  instrument  is  equal  to  the 
half  sum  of  the  east  and  west  transits.  Thus,  in  the  preceding 
observation,  we  have 

Wins. 
I. 

IL 

ni. 

IV. 
V. 

vi. 

VII.  

Mean,  18h.  48m.  41.13s.  41.0as. 

Mean,  18h.  48m.  41.09s. 

The  instant  of  meridian  passage  requires  a  small  correction 

for  the  difference  of  inclinations  of  the  axis  in  the  two  verticals. 

1 


Telescope  S. 

18h.  48in.  41.10s. 

Telescope  N. 

18L  48m.  40.93s. 

41.15s. 

41.258. 

41.20s. 

41.078. 

41.0ds. 

41.008. 

41.158. 

41.158. 

41.15s. 

40.958. 

41.10s. 

40.979. 
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This  correotion  in  the  present  case  amounts  to  — O.OSs.;  and 
hence  the  true  time  of  meridian  passage  by  the  instrument  is 

18h.  48m.  41.01s. 

The  star's  ri^t  ascension,  corrected  for  error  of  the  clock,  was 

ISh.  48m.  41.86s. 

Hence  F=  —0.85s.  in  timci  is  the  angle  of  the  two  mendiaos. 

For  the  azimuth  of  the  axis  of  rotation,  reckoned  firom  the 
south  round  by  the  west,  * 

a=15F  sin.  ^,  in  arc. 

In  the  present  case, 

a=  — ll^^O,  in  arc. 

The  effect  of  this  small  azimuthal  error  upon  the  deolinatioD 
is  inappreciable. 

It  is  the  opinion  of  Struve  that,  with  this  instrument,  chai^ 
in  the  apparent  declination  of  zenith  stars,  amounting  to  a  smiO 
fraction  of  a  second,  may  be  detected.  This  instrument  mtj 
therefore  be  employed  to  determine  the  aberration  of  light,  and 
the  annual  parallax  of  zenith  stars.  The  bright  star  a  Lyis 
culminates  about  15^  south  of  the  zenith  of  Washington  Observip 
tory,  and  this  star  has  been  observed  by  Frofessor  Hubbard  widi 
great  care,  for  the  purpose  of  determining  its  annual  parallax, 
which,  according  to  the  Fulkova  observations,  amounts  to  aboat 
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(193.)  When  an  observer  has  obtained  the  latitude  of  his 
station,  he  is  prepared  with  an  astronomical  circle  to  determine 
the  apparent  declinations  of  the  heavenly  bodies.  For  the  eleva- 
tion of  the  equator,  EH,  is  the  com- 
plement of  PO,  the  elevation  of  the 
pole ;  and  if  from  SH,  the  altitude 
of  a  star,  we  subtract  EH,  the  ele- 
vation of  the  equator,  we  shall  ob- 
tain the  star's  declination.  This  ^  ^ 
role  will  hold  for  all  the  heavenly  bodies  at  their  upper  culmin- 
ation, if  we  measure  their  altitude  from  the  south  horizon.  Or, 
if  we  represent  the  latitude  by  ^,  and  the  zenith  distance  by 
Z,  when  a  body  culminates  south  of  the  zenith,  we  have 

d=^-Z. 

If  it  culminate  north  of  the  zenith,  and  above  the  pole, 

d=0+Z. 

If  it  culminate  north  of  the  zenith,  and  beloio  Ihe  pole, 

d=180o-(^+Z). 

(194.)  If  the  declination  of  the  sun  be  observed  during  a 
whole  year,  whenever  it  passes  the  meridian,  upon  comparing 
the  results  it  will  be  found  that,  on  the  22d  of  December,  the 
declination  has  its  greatest  value  on  the  southern  side  of  the 
equator ;  that  it  diminishes  till  the  21st  of  March,  when  the 
declination  is  exactly  or  nearly  zero ;  and  that  it  afterw^ard  in- 
creases on  the  northern  side  of  the  equator  till  June  21.  From 
this  time  the  declination  diminishes  till  the  23d  of  September, 
when  it  is  again  zero,  and  increases  again  on  the  southern  side 
of  ike  equator  till  the  22d  of  December. 

The  greatest  observed  northern  and  southern  declinations  of 
the  sun  constitute  approximate  values  of  the  angles  at  which 
the  plane  of  the  ecliptic  and  the  plane  of  the  equator  intersect 
each  other ;  and  the  times  at  which  the  declinations  are  nearly 
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zero,  ore  the  approximate  times  when  tiie  son,  in  ascending  ana 
descending,  crosses  the  plane  of  the  ear&'s  equator ;  bat  as  tho 
obsenrations  are  only  made  at  the  instants  of  apparent' noon  at 
the  station,  it  is  not  probable  that  the  greatest  or  least  declinatkn 
will  take  place  precisely  at  the  instant  of  observation ;  and  there- 
fore a  computation  must  be  made  to  obtain  these  elements  with 
sufficient  accuracy. 

Right  ascension  is  reokcmed  fiom  the  vernal  equinox ;  and  a 
clock  regulated  to  exact  sidereal  time  should  indicate  Oh.  Om.  Ok 
when  the  vernal  equinox  is  passing  the  meridian. 

Problem. 

(195.)  To  find  the  position  of  the  equinoctial  points. 
Observe  the  altitude  of  the  sun  when  on  the  meridian  upoi 
the  day  which  precedes  and  the  day  which  follows  die  eqainoL 
These  altitudes,  corrected  for  refraction  and  parallax,  will  tn^ 

nish  the  declinations  6  and  ^|  om 
south  and  the  other  north.  Let 
T  represent  the  interval  betwett 
the  observaticms,  expressed  in  s- 
dereal  time.  Let  A  be  the  plaoe 
of  the  equinox,  BB^  the  equator,  SS^  the  ecliptic,  S  and  S^  tha 
places  of  the  sun  on  two  successive  days,  one  preceding  and  the 
other  following  the  equinox ;  also,  let  BS  and  B^S^  be  the  oib- 
served  declinations.  Then,  suppose  the  motion  in  dedinatioo 
and  right  ascension  to  be  uniform  at  this  time,  as  they  are  veiy 
nearly,  we  shall  have 

BS  +  B^S^:BS::BB^:BA, 
or       6+6^  :6::  T— 24h. : diflf.  right  asc.  between  B  and  A. 

Ex,  1.  On  the  20th  of  March,  1851,  the  sun's  deolinatioa  at 
noon  was  observed  at  Greenwich  to  be  16^  33^^.29  S.,  and  Maroli 
21st  it  was  7'  7^^54  N. ;  also  the  sidereal  interval  between  the 
observations  was  24h.  3m.  38.23s.  What  was  the  sun's  lifjbA 
ascension  at  noon,  March  21st  ? 

In  this  case  we  shall  have  the  proportion 

W  33  ^29+7^  7^^54 : 7'  7^^54 ::  3m.  38.23s. :  65.67s. 
Therefore  the  sun's  right  ascension  at  noon,  March  21flt, 
was 

Oh.  Im.  5.67s. 
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Ex.  2.  On  the  22d  of  September,  1851,  at  noon,  the  sun's 
declination  observed  at  Greenwich  was  2'  61^^53  N.,  and  on  the 
23d  it  was  19"  33^^76  S. ;  also  the  sidereal  interval  of  the  tran- 
sits  was  24h.  3m.  36.13s.  What  was  the  sun's  right  ascension 
at  noon,  September  23d  ? 

Am.  12h.  3m.  0.52s. 

Hx.  3.  On  the  22d  of  September,  1846,  at  noon,  the  sun's 
declination,  observed  at  Washington,  was  17"  2"".80  N.,  and  on 
the  23d  it  was  6"  21"".56  S. ;  also,  the  sidereal  interval  of  the 
transits  was  24h.  3m.  35.50s.  What  was  the  sun's  right  ascen- 
sion at  the  second  observation  ? 

i  Ans.  12h.  Om.  58.55s. 

(196.)  These  computations  should  be  made  both  for  March 
and  September,  when  the  sun  crosses  the  equator.  If  the  side- 
real clock  were  correct,  it  would  be  found  to  indicate  12  hours 
when  the  sun  is  on  the  meridian  at  the  autumnal  equinox ;  from 
which  we  infer  that  Hie  two  equinoctial  points  are  distant  from 
one  another  180  degrees.  If  now  we  observe  some  star  which 
passes  the  meridian  about  the  same  time  with  the  vernal  equi- 
nox (as,  for  example,  a  Andromedee),  its  right  ascension  will  be 
known ;  and  having  settled  the  right  ascension  of  one  star,  the 
ri^t  ascension  of  other  stars  may  thence  be  deduced.  Thus, 
taking  the  apparent  right  ascension  of  a  Andromedae  on  January 
31, 1853,  to  be  Oh.  Om.  46.10s.,  let  the  index  of  the  clock  be  set 
to  that  time  when  a  Andromedse  is  on  the  meridional  wire  of  the 
transit  telescope*  The  clock,  if  it  goes  correctly,  will  denote  the 
ri^t  ascension  of  other  stars  when  they  are  bisected  by  the  me- 
ridional wire.     Thus,  on  the  above  day, 

Aldebaran  passing  the  meridional  wire  at  4h.  27m.  29.19s. 

Capella  "         "  "  "     "  5h.    5m.  50.26s. 

Eigel  «         "  "  «     "  5h.    7m.  28.58s. 

Sinus  «         «  "  «     «  6h.  38m.  40.82s. 

these  times  would  be  the  apparent  right  ascensions  of  those 
stars. 

The  star  selected  by  any  astronomer  to  regulate  the  right  as- 
censions of  other  stars  is  called  his  fundamental  star.  Dr.  Mas- 
kelyne,  at  the  Greenwich  Observatory,  employed  a  Aquike  for 
this  purpose ;  while,  at  the  Washington  Observatory,  a  Androm- 
eds  is  employed. 
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/197J  WiKa  a  s:i:!nba'  of  scxd  faiv^  kid  ifaeir  risfat  asocD- 

~  sr  ^lecL  to  aooe  fdnduneiitad  stir. 
tfafST  win  all  he  claiged  wnk  the  cscr  wiiicli  may  happen  to 
befevtoifais  scar:  aodh  b  anoc«ii«tGf  the  uimofti  inyortanpe 
to  ascgftaia  the  exytynre  and  qaaziasr  of  soch  ciror,  Ihedit 
fieohr  lies  in  dctenxunxii?  accfxnteSr  die  poatkn  of  the  fist 
point  of  Aiies*  fipom  which  die  r^t  asoeosuis  of  all  the  yixa 
are  ooonted.  The  coinse  pmsoed.  difiefate.  hj  astraoomen^  is 
ficst  to  find  the  sun's  lidit  asceoaoo.  bv  oooiparing  ihc  tzaost 
of  his  centre  with  the  trust  of  the  fondamental  star,  or  wiA 
the  transits  of  several  principal  stars,  related  to  it  hr  known  dif- 
ferenoes :  and,  seooodlv,  to  compme  from  his  ofaeen»d  dei^ii- 
tion  the  riditaacenaon  belonging  to  the  moment  of  the  meridiin 
passage.  These  operatioDs  shoold  be  performed  on  several  dijs 
near  both  the  vernal  and  aotimmal  eqmno3L  The  right  asoei* 
sions  derived  from  a  comparison  with  the  stars  diOQld  ^ice 
with  those  derived  from  the  observed  declinations  of  the  sod. 
If  there  be  a  constant  di£&rence,  this  will  be  the  correctioD  to 
be  applied  to  the  assumed  right  ascension  of  the  fondamentd 
star.  The  son's  right  ascension  is  deduced  from  his  dedinatko 
in  the  following  manner : 

Let  AC  represent  a  part  of  fta 
equator,  AD  a  part  of  the  ecliptie, 
and  A  be  the  first  point  of  Aries. 
Suppose  the  sun  to  be  at  S,  lod 
1  ■  draw  SB  perpendicular  to  AC ;  Hm 

AB  will  be  the  right  ascension  of  the  sun,  and  SB  hia  declioa- 
tion. 

But,  by  Napier's  rule, 

rad.  X  sin.  AB =ootang.  SAB  x  tang.  SB ; 
that  is, 

sin.  R.  A.=cotang.  obliquity  x  tang.  dec. 
Or,  repre.scnting  the  sun's  declination  by  6,  and  the  obliqaity 
of  the  ecliptic  by  o,  we  have 

sin.  R.  A.= — ^^. 
tang.  0) 

Ex,  1.  The  following  observations  of  the  sun's  centre  vrere 

made  at  Greenwich  in  1851 : 
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Date. 

Son's  R.  A.  obaeired. 

Sun's  Dec.  obsenred. 

Sept  15 

h.      m.           9. 

11  34  16.15 

2  47    0.18  N. 

16 

37  51.22 

2  23  50.70  N. 

21 

55  48.55 

0  27  15.35  N. 

22 

59  24.19 

0    3  51.53  N. 

23 

12    3    0.32 

0  19  33.76  S. 

It  is  required  to  find  the  meaii  correction  of  the  right  ascen- 
sions, the  obliquity  of  the  ecliptic  being  23°  27^  28^M5. 
The  computation  for  September  15  is  as  follows : 

tang.  (5,    2^47^    0^M8= 8.6867922 
tang.  6),  23^  27^  28^M5= 9.6374270 
sin.  R.  A.,  llh.  34m.  16.13s. =9.0493652 
The  observed  right  ascension  was  llh.  34m.  16.15s. 

Error  of  the  observed  R.  A.  +  0.02s. 
In  the  same  way  the  2d  observation  gives  +  0.03s. 

3d  "  "     -0.19s. 

4th        "  "     -0.24s. 

«  «  5th        "  «     -0.01s. 

The  mean  =- 0.08s. 
That  is,  the  observed  right  ascensions  appear  to  be  too,  small  by 
0.08s. 

Similar  observations  should  be  made  at  each  equinox  every 
year,  until  it  appears  that  no  further  correction  is  required. 

Ex.  2.  The  following  observations  of  the  sun's  centre  were 
made  at  Washington  in  1846 : 


a 


it 


it 


a 


Dtfa. 

Son's  R.  A. 

Sun's  Dee. 

k.      m.         9. 

O             /                     /' 

Sept.  16 

11  35  49.40 

+2  36  56.46 

21 

11  53  46.89 

+0  40  29.52 

22 

11  57  22.79 

+0  17    2.80 

23 

12    0  58.29 

-0    6  18.71 

25 

12    8  10.58 

-0  53  11.50 

28 

12  18  59.37 

-2    3  28.11 

It  is  required  to  find  tiie  mean  correction  of  the  right  ascen- 
sions, the  obliquity  of  the  ecUptic  being  23^  27^  25^^88. 

Am.  +0.06s. 


172 


Practical  Astronomy. 


Froblebi. 

(198.)  To  find  the  obliquity  of  the  ecliptic. 
Observe  the  right  ascension  and  declination  of  the  son  near 
one  of  the  solstices.  If  the  sun  were  exactly  at  the  soktioe  at 
one  of  the  observations,  the  observed  declination  would  be  tbe 
obliquity  required.  But  as  such  a  coincidence  can  seldom  hap- 
pen, it  is  custoniary  to  take  observations  on  several  days  bodi 
before  and  after  Hie  solstice,  and  compute  the  reduction  to  the 
solstice.     This  may  be  done  in  Hie  following  manner : 

Let  AB  represent  the  equa- 
tor, AS  the  ecliptic,  A  the  venial 
equinox,  S  tiie  solstice,  and  S' 
the  place  of  the  sun  near  dw 
solstice.  Let  fall  the  perpao- 
dicular  S'^B^  upon  the  equator. 
Then,  by  Napier's  rule, 

R.  sin.  AB"=tang.  S^B"  cot.  BAS. 
Put  (5= the  observed  declination;  A=BB^=6h.— the  son's 
right  ascension ;  <i)=the  obliquity  of  the  ecliptic;  and  2= the  re- 
quired correction  to  obtain  the  declination  at  the  solstice.     Then 

sin.  AB^=tang.  6  cot.  cj, 

.      tang.  6 
cos  A=- — - — . 
tang.  0) 

By  Trig.,  Art.  76, 

^     tang.  6 

sin.  (6)— d)_tang.  w— tang.  6__       tang.  w__l— ooe.  A 


or 


sin.  (cj+d)    tang.  6}+ tang,  d    ^     tang.  6     1+cos.A 

tang.  0) 

Trig.,  Art.  74,  =tang.  ^h; 


2  sin.  ^h 


2  cos.  ^h 
that  is,  sin.  (w— d)=tang.  ^ih  sin.  (w+d). 

When  the  required  correction  is  smaU,  we  may  put  «— d  fci 
sin.  (a)— d),  and  dividing  by  sin.  1'^,  to  have  x  expressed  in  sec- 
onds, we  obtain 

x=,.-d=^"g-  '**  ^f  •  <"+'^> (1) 

sm.  r' 
which  is  the  correction  in  seconds  to  be  added  to  the  observed 
declination,  to  obtain  the  obliquity. 
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JSx.  1.  In  Jane,  1851,  the  foQowing  observations  were  made 
at  Greenwich : 


i( 


li 


u 


a 


li 


li 


17.Rnti'3E.A 

..61i 

i.40in 

.  59.17s. 

Deo.  23« 

>23'  7".57 

19.     « 

6 

49 

18.63 

26  4  .87 

21. 

5 

67 

37.76 

27  22  .66 

26.    « 

6 

18 

26.27 

23  21  .26 

27.    " 

6 

22 

34.12 

21  18  .69 

28.    «' 

6 

26 

43.69 

18  63  .14 

30.    «' 

6 

36 

1.20 

12  47  .16 

It  is  required  to  determine  the  obliquity  of  the  ecliptic. 

Assume  for  the  obliquity  the  greatest  observed  declination,  or 
2S^  27'  22^^56.  Then,  for  June  17th,  the  reduction  will  be  as 
CbUows : 

A=19m.  0.83s. =40  45^  12^^45;  ^4=2°  22'  36''.2. 
By  formula  (1), 

tang.  iA= 8.618105 

8.618105 

sin.  46°  60'  30".13= 9.863005 

cosec.  1"= 5.314425 

Correction,  259".20= 2.413640 

*Iibis  correction  being  added  to  the  observed  declination,  23^ 
23'  7".57,  gives 

The  obUquity  of  the  ecUptic=23o  27'  26".77 
In  like  manner  the  2d  observation  gives 

3d 


(( 


a 


a 


it 


a 


u 


u 


(( 


a 


a 


4th 
5th 
6th 
7th 


(( 


(( 


U 


U 


a 


u 


(( 


a 


li 


a 


26 

.80 

26 

.69 

24 

.65 

23 

.78 

25 

.26 

26 

.39 

The  mean  is  23°  27'  25".73 

(199.)  It  may  be  thought  that  this  method  involves  a  vicious 
principle,  inasmuch  as  it  requires  a  knowledge  of  o  to  enable 
us  to  find  the  value  of  6>.  But  it  will  be  noticed  that  only  an 
approximate  knowledge  of  o  is  required  to  furnish  a  very  accu- 
rate value  of  the  correction  x.  In  reducing  the  preceding  ob- 
servation of  June  17,  ah  error  of  one  minute  in  the  assumed 
value  of  0)  will  occasion  an  error  of  less  than  one  tenth  of  a  sec- 
ond in  the  computed  reduction. 


IVI 


IC& 


^Cr  7(i  IMHIL  ft 


IQUIK  IC 


17.  2iiz»Z.JL^lkrLS>Ji&    Ite. 3^3^29^  13 


^  I* 

- 

^ 

4i 

sJ4 

^^^■■■^      * 

35     7  J$ 

-    26. 

" 

•* 

^ 

27.^4 

.» 

37     0  u3 

-    2L 

- 

^ 

S^ 

3r.« 

- 

37  33:34 

-    22. 

- 

• 

4 

44lsS 

- 

37  17  J3 

^    2t 

- 

« 

11 

4i3 

- 

25  ^  J35 

-    ^. 

- 

« 

1^ 

1426 

- 

2i  3d  J^ 

-    26. 

• 

6 

1» 

34.40 

•  ■ 

23  55  jM 

B«yilj«i  oe 

rrr^par 

Ami.  Si- 

27  23  .Sa 

£x.  3.  TIk  fcuovioe  oc 

iaemi 

iUft§  w^ov 

t  maie 

as  WashingtoB 

ia  Irsl^: 

I»w.  1%,    Son's 

E.A. 
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.44m  ST^li 

Dec  23-  24  32  .69 

-    21. 

- 

17 

57 

36-Sl 

~ 

37   20.43 

-*    22. 

«4 

IS 

2 

23u51 

- 

37   19  .61 

«    23- 

u 

IS 

6 

50J7 

- 

26  49  .82 

B^fomi  the  oUiquinr  of  die  edipdc. 


Ams.  23=  27'  23 'j20. 


Problem. 

Ci()f).)   To  find  the  longitude  and  latitmde  of  a  star^  urken 
//f  riff  hi  ascension  and  declination  are  Inuntn, 

Let  F  represent  the  pole  of  the 
equator,  E  the  pole  of  the  tdk^ 
tic,  C  the  first  point  of  Aries, 
FSP  an  hour  circle  paasiDg 
through  the  star  S,  and  ESE'  a 
circle  of  latitude  passing  throng 
the  same  star.  Then  AEBB' 
represents  the  solstitial  oolnie, 
EP  represents  the  obliquity  of 
the  ecliptic,  PS  the  polar  dis> 
tanoe  of  the  star,  ES  its  oo>lati- 
tiuln ;  SPi)  is  tlio  complement  of  its  right  ascensioui  and  SEB 
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is  the  complement  of  its  longitude.  Draw  SM  perpendicular 
to  PB.  Represent  PM  by  a  ;  also  represent  the  longitude  of  the 
star  S  by  L,  its  latitude  by  /,  and  the  obliquity  of  the  ecliptic 
by  6). 

Now,  by  Napier's  rule,  we  have 

R.  COS.  SPM=tang.  PM  cot.  PS; 
that  is,               sin.  R.  A.=tang.  a  tang.  Dec, 
or  tang.  a=sin.  R.  A.  cot.  Dec (A) 

Also,  *EM=EP  +  PM=fl5+6). 

Again,  Trig.,  Art.  216,  Cor.  3, 

sin.  EM :  sin.  PM ::  tang.  SPM :  tang.  SEM ; 
iiiatis, 

sin.  {a+cj) :  sin.  a ::  cot.  R.  A. :  cot.  L ::  tang.  L :  tang.  R.  A., 

,        T     tanff.  R.A.  sin.  (a+w)  /i\ 

or  tang.L=^^^^^ .„  ^  ^         ^ 1) 

sm.  a 

Also,  tang.  EM  cot.  ES=R.  cos.  SEM ; 

that  is,  tang.  /=cot.  (a+w)  sin.  L (2) 

Also,  Trig.,  Art.  216, 

COS.  PM :  cos.  EM ::  cos.  PS :  cos.  ES ; 

^,    .  .  .     ,    cos.  (a +w)  sin.  Dec.  .^v 

that  IS,  sm.  /= ^ (3) 

COS.  a  ^ 

And  R.  COS.  SEP=tang.  EM  cot.  ES ; 

that  is,  sin.  L=tang.  {a+cj)  tang.  / (4) 

JEx,  1.  On  the  1st  of  January,  1851,  the  R.  A.  of  Capella  was 
5h.  5m.  42.03s.,  and  its  Dec.  45°  50'  22'^4  N. ;  required  its  lati- 
tude  and  longitude,  the  obliquity  of  the  ecliptic  being  23°  27' 
25^^47. 

By  equation  (A), 

R.  A.  760  25'  30".45     sm.= 9.9876948 
Dec.  45°  50^  22".4       cot. =9.9872707 
a=43o  20^  58".31  tang. =9.9749655 
6)=23o  27'  25".47 
a+6)=66o  48'  23".78 

By  equation  (1), 

tang.  R.  A.  =  0.6171524 

sin.  (a +w)  =  9.9634009 

cosec.  g= 0.1 633928 

L=79o  46'  40".93  tang. =0.7439461 
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By  equation  (2), 


cot.  {a+L)) 
sin.  L 
1=22^  5r  48^M4  tang.  =9.6249659 


9.6319144 
9.9930515 


By  equation  (3), 


cos.  (a+w) 
sin.  Dec.: 


9.5953154 
9.8557564 
0.1383583 


sec.  a 
1=22^  5V  48^M4  sin. = 9.5894301 

By  equation  (4),  tang,  (a + «) = 0.3680856 

tang.  /.= 9.6249659 
L=79o  46'  4r^00  sin. =9.9930515 

Formulas  (3)  and  (4)  give  nearly  the  same  result  as  fimnv 
las  (1)  and  (2).  Formulas  (1)  and  (2)  are,  however,  to  be  pr^ 
ferred,  because  the  tangents  vary  more  rapidly  than  the  sineii 
especially  near  90°. 

Formulas  which  furnish  the  value  of  an  unknown  qoantilj 
by  means  of  its  tangent  or  cotangent,  are  generally  more  aooo- 
rate  than  those  which  furnish  it  by  means  of  its  sine  or  cosiiie. 

Ex.  2.  On  the  1st  of  January,  1851,  the  R.  A.  of  Begohis 
was  lOh.  Om.  25.87s.,  and  its  Dec.  12°  41'  32''.7  N.  Reqoirad 
its  latitude  and  longitude,  the  obliquity  of  the  ecli()tic  being  23^ 
27'  25".47.  Ans.  Latitude,        0°  27'  35".3  N. 

Longitude,  147°  45'  30".3. 

Problem. 

(201.)  To  find  the  right  ascension  and  declination  of  a  star 

when  its  latitude  and  longitude 
are  known. 

Using  the  same  figure  as  in 
^    the  last  problem,  and  employing 
the  same  notation,  except  that 
p   we  represent  EM  by  a,  we  ob- 
tain 

tang.  EM  cot.  ES=R.  cos.  SEM; 
that  is, 

tang.  EM  =  tang,  a 
=sin.  L  cot.  /  .  .  .  .  (A) 


Also, 


PM=EM-EP=a-«. 


# 

9 
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Again,  sin  PM::8iiL  EM::  tang;  SEM: tang.  SPM; 
that  is, 
sin.  {a^io) '  sin.  a :: oot^  L :  cxyt.  R.  A. ::  tang.  B.  A. :  tang.  L. 

Therefore,    tang.B.A.=*^g- ^."^^  <°-")   .....  (1) 

°  Sin.  a  ^  ' 

Also,  tang.  PM  oot.  PS=E.  cos.  SPM ; 

that  is,  tang.  Deo.=:cot  (a— 6>)sin.  B.A (2) 

Also,  oos.  EM:cos.  PM::cos.  ES:cos.  PS; 

. ,    .  .  .     ^         cos.  (a— u)  sin.  /  ,^. 

that  IS,  SUL  Deo.=: ^ '- (3) 

•  COS.  a  ^  ' 

And  E.  cos.  SPM = tang.  PM  oot.  PS  ; 

that  is,  sin.  R.  A.=:tang.  (a— ca)  tang.  Dec.  .  .  (4) 

Hx.  1.  On  tiie  1st  of  January,  1851,  the  longitude  of  Capella 
■was  790  46'  40".93,  and  its  latitude  22o  51'  48".14  N. ;  required 
its  right  ascension  uid  declination,  the  obliquity  of  the  ecliptic 
230  27'  26".47. 

By  equation  (A),  sin.  L = 9.9930515 

cot.  /=0.3750341 
a=66o  48^  23".78  tang. =0.3680856 
(j=23°  27'  25".47 
o-«=43o  20'  58".81 

By  equation  (1),  % 

tang.  L= 0.7439461 

sin.  (o-w)= 9.8366072 

cosec.  0=0.0365991 

R.A.  76°  25'  30".45  tang. =0.6171524 

By  equation  (2), 

cot.  («-«)=0.0250345 

sm.R.  A. =9.9876948 

Deo.  450  60' 22".4  taiig;= 0.0127293 

By  equation  (3), 

sin.  /= 9.5894301 

*  COS.  (a-  u) = 9.8616417 

sec.  0=0.4046846 

Deo. =450  60' 22".4  sin. =9.8557664 

By  equation  (4), 

tang,  (o-  «) = 9.9749655 

tang.  Dec. =0.0127293 

E.  A.=76o  26'  30".4  sin. =9.9876948 

H 
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In  this  example  we  have  reprodaoed  the  results  of  Ex.  1  in 
the  preceding  problem.  Equations  (1)  and  (2)  are  to  be  pre- 
ferred to  equations  (3)  and  (4),  for  the  reason  given  in  the  Re- 
ceding Article. 

Ex.  2.  On  the  1st  of  January,  1851,  the  longitude  of  Sego- 
lus  was  147°  45'  SO^'-S,  and  its  latitude  0°  27^  35^^3  N. ;  re- 
quired its  right  ascension  and  declination,  the  obliquity  of  the 
ecliptic  being  23^  27^  25^^47. 

Ans.  Right  ascension,  lOk  Om.  25.878. 
Declination,  12°  41'  32".7  N. 

.  .  Problem. 

(202.)  To  compute  the  longitude^  right  ascension^  and  dee* 
Hnation  of  the  sun,  any  one  of  these  quantitiesy  together  with 
the  obliquity  of  the  ecliptic^  being  given. 

^  Let  EPQP'  represent  the  equi- 
noctial colure,  EMQ,  the  eqaator, 
ESQ  the  ecliptic,  E  the  first  pdot 
of  Aries,  S  the  place  of  the  suiiy 
PSP'  an  hour  circle  peasing 
1^  through  the  sun ;  then  EM  is  the 
sun's  right  ascension,  SM  his  de(5- 
lination,  ES  his  longitude,  and 
MES  the  obUquity  of  the  .ecliptic 
Then,  in  the  triangle  ESM,  we 
have 

tang.  ME  cot.  SE  =R.  cos.  E  ; 
that  is,  representing  the  obliquity  by  o), 

tang.  B.  A.=tang.  Long.  cos.  u (1) 

tang.  Long.=*^^-^-^- (8) 

cos.  a> 

R.  sin.  ME = tang.  MS  cot.  E ;  ^ 

sin.  R.  A.=tang.  Dec.  cot  <a (3) 

tang.  Dec.=:sin.  R.A.  tang.  <k> (4) 

R.  sin.  MS=sin.  E  sin.  ES; 

sin.  Dec.=sin.  o  sin.  Long (5) 

T  sin.  Dec.  z^v 

sm.  Long.= — ; (6) 

°       sm.  <j 


and 

Also, 
that  is, 
and 

Also, 
that  is, 

and 
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Alsoy  E.  008.  ES=cos.  ME  cos.  MS ; 

that  isy  COS.  Long.=cos.  R.  A.  cos.  Dec. .  •  •  •  .  (7) 

and  oos.R.A.='^-^°°g- (8) 

cos.  Deo.  ^ 

Ex.  1.  On  the  1st  of  June,  1852,  at  Greenwich  mean  noon, 
the  sun's  right  ascension  was  4h.  38m.  0.88s.,  and  his  declina- 
tion 22°  7'  13'^7  N. ;  required  his  longitude. 

By  formula  (7), 

COS.  R.  A. =69°  3(y  13^^2=9.5442510 

cos.  Dec. =9.9667958 
Longitude=7lo  4'  20'^3  cos. =9.5110468 

Ex.  2.  On  the  Ist  of  January,  1852,  the  sun's  right  ascen- 
sion was  18h.  44m.  49.47s.,  and  his  declination  23°  3'  28^^0  S. : 
required  his  longitude. 

Ans,  280°  18^  2^^4. 

Ex.  3.  On  the  20lh  of  May,  1852,  the  sun's  longitude  was 
590  33'  42'^5,  and  the  obliquity  of  the  ecliptic  23°  27'  29''.06 ; 
required  his  right  ascension  and  declination. 

By  formula  (1), 

tang.  Long. =0.2309234 
COS.  0)= 9.9625359 
570  21'  32".94  tang. =0.1934593 
R.  A.=3h.  39m.  26.20s. 

By  formula  (5), 

sin.  Long. =9.9355960 

sin.  6)=9.5999681 

Dec.  20°  4'  21".96  sin. = 9.5355641 

Ex.  4.  On  the  27th  of  October,  1852,  the  sun's  longitude  was 
2140  14/  45^/^,  and  the  obUquity  of  the  ecliptic  23°  27'  30".69,- 
required  his  right  ascension  and  declination. 

Ans.  Right  ascension,  14h.  7in.  56.39s. 
Declination,  12°  56'  43".l  S, 


CHAPTER  Vm. 

PARALLAX. 

(203.)  The  fixed  stars  are  so  distant  firom  the  eartfa,  that 
their  relative  positions  are  sensibly  the  same,  from  whatever 
point  of  the  earth's  surface  we  may  view  them.  It  is  otherwise 
with  the  sun,  moon,  and  planets,  which  are  near  enough  (es- 
pecially the  moon)  to  be  displaced  by  change  of  station  aa  our 
globe.  Two  spectators,  situated  on  different  points  of  the  earth's 
surface,  and  viewing  the  moon  at  the  same  instant,  do  not  see 
it  in  the  same  direction.  In  order  that  astronomers  residing  at 
different  points  of  the  earth's  surface  may  be  able  to  oc»npare 
their  observations,  it  is  necessary  to  take  account  of  this  eftct 
of  the  difference  of  their  stations,  and  it  is  convenient  to  adopt 
some  centre  of  reference  common  to  all  the  world,  to  which  each 
astronomer  may  reduce  his  observations.  The  common  fcint 
of  reference  universally  agreed  upon  is  the  centre  of  the  earth; 
and  the  difference  between  the  apparent  positions  of  a  heaven- 
ly body,  as  seen  from  the  surface  or  the  centre  of  the  earth,  is 
called  its  parallax. 

Problem. 

(204.)  To  find  the  parallax  of  the  moon,  etc.,  in  altitude. 

Let  C  represent  the  centre  of  the 
earth,  A  the  place  of  the  observer  on 
its  surface,  M  the  moon,  and  CAZ  the 
direction  of  a  perpendicular  to  the  snr- 
face  at  A.  Then  will  the  moon  be 
seen  from  A  in  the  direction  AM,  and 
its  apparent  zenith  distance  will  be 
Z  AM ;  whereas,  if  seen  from  the  centre 
of  the  earth,  it  would  appear  in  the  di- 
rection CM,  with  an  angular  distance 
from  the  zenith  of  A  equal  to  ZCM ; 
so  that  ZAM— ZCM,  or  AMC,  is  the  parallax. 
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Let  us  put  r = AC,  the  radius  of  the  earth ; 

B=CM,  the  moon's  distance  froin  the  earth's  cen- 
tre; 
2r=ZGM,  the  moon's  true  zenith  distance; 
z^=ZAMj  the  moon's  apparent  zenith  distance ; 
q=AMCy  the  moon's  parallax  in  altitude. 
In  the  triangle  ACM,  we  have 

CM :  CA ::  sin.  CAM :  sin.  AMC, 

or  sm.  q=^  sm.  sr; 

that  is,  the  sine  of  tiie  parallax  in  altitude==r:-; --. — - 

Distance  of  body 

X  sdne  of  the  apparent  zenith  distance. 

The  parallax,  therefore,  for  a  given  place,  and  a  given  distance 
of  the  body  observed,  is  proportional  to  the  sine  of  its  apparent 
zenith  distance,  and  is  therefore  the  greatest  when  the  body  is 
observed  in  the  act  of  rising  or  setting,  in  which  case  its  paral- 
lax is  called  its  horizontal  parallax. 

If  we  designate  by  p^  the  horizontal  parallax,  we  shall  have, 
when  ^^=90°, 

Hence  sm.  q^sin.  p  Bin.  z^ (1) 

that  is,  the  sine  of  the  parallax  in  altitude  is  equal  to  the  sine 
of  the  horizontal  parallax^  into  the  sine  of  the  apparent  zenith 
distance. 

(205.)  This  formula  furnishes  the  parallax  when  the  apparent 
zenith  distance  is  known,  but  when  the  true  zenith  distance  is 
given  we  require  a  different  formula,  which  is  obtained  as  fol- 
lows: 

Theangle  ZAM=ACM+AMC; 

that  is,  z'=zz+q. 

Hence 
sin.  q=8m.  p  sin.  {Z'\-q) 

=sin.  p  sin.  z  cos.  g+sin.  j»  cos.  z  sin.  q,  by  Trig.,  Art.  72. 

Dividing  bach  membef  by  cos.  q,  we  obtain 

tang.  q=zsin.  p  sin.  2r+sin.  p  cos.  z  tang.  q. 

menoe  ^^^^^^  sin.  ;>  sin.  z     ^^ 

1— sm.^cos.  z 
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which  formula  famishes  the  parallax  in  altitude  when  the  biM 

zenith  distance  is  known ;  but  the  expression  is  not  oonvenieDt 

for  computation  by  logarithms.     If  we  divide  the  numerator  of 

this  expression  by  the  denominator,  we  shall  have 

tang.  ^=sin.  p  sin.  z+mn.^p  sin.  z  cos.  jr +sin.  ^p  sin. ;?  co8.'z+» 

etc. 

But  by  the  Calculus,  Art.  324,  Ex.  2, 

tang,  ^q  , 
^=tang.  q 1-^+»  ^^' 

Hence 
y=sin.  p  sin.  z+sin.  ^p  sin.  z  cos.  jr+sin.  ^p  sin.  z  oos.^: 

sin.  ^p  sin.  ^z  ,       .  ..v 

^      h,  etc. .  (A) 


3 

But  by  Trig.,  Art.  73, 

sin.  2z 
sm.  z  COS.  z= — - — . 

Also,  Trig.,  Art.  79, 

sin.  3z=4  sin.  z  cos.  *2r— sin.  ar, 
and  COS.  ^z— 1  =  —sin.  *5r. 

Therefore      sin.  z  cos.  ^z— sin.  5r=  —sin.  ^z ; 

that  is,  sin.  35r=3  sin.  z  cos.  ^z— sin.  'z, 

sin.  Zz  «       sin.  "^z 

or  .   .— rt — =    sm.  z  COS.  ^5r ^ — . 

o  o 

Therefore,  by  substitution  in  equation  (A),  we  obtain 

.  sin.  ^»  sin.  %z  ,  sin.  'o  sin.  Zz  ,       . 
^=:sm.  j»  sm.  zH i-- 1 h,  etc. 

If  we  wish  to  have  q  expressed  in  seconds,  we  must  divide  by 
sin.  V\  and  we  shall  have 

sin.  p  sin.  z  .  sin.  ^p  sin.  ^z  ,  sin.  'o  sin.  3z  ,       .        ,^. 

^=^n:^+      /n.2;      +      sin.  3-      +'  ''*"•  '  <3> 
which  furnishes  the  parallax  in  terms  of  the  true  zenith  distanoe 
by  a  series  which  converges  rapidly. 

(206.)  The  parallax  of  the  sun  and  planets  is  so  small,  fliat 
we  may  employ  the  more  convenient  formula, 

q^p  sin.  z (4) 

without  sensible  error.  But  for  the  moon,  when  the  apparent 
zenith  distance  (as  affected  by  parallax)  is  known,  we  must  mako 
use  of  formula  (1) ;  but  when  we  know  only  the  true  zenith  dis* 
tance,  we  must  adopt  formula  (2)  or  (3). 
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JEz.  1.  If  the  horizontal  parallax  of  Yenas  is  30^^,  what  is  its 
parallax  for  an  altitude  of  30<^  ? 

Solution.'^By  formula  (4),  log.  3(y^ = 1.4771 

sin.  60Q= 9.9375 
Ans.  2&', 0=1  AUG 
Ex.  2.  If  the  horizontal  parallax  of  Mars  is  10'^ y  what  is  its 
parallax  for  an  altitude  of  34^  ? 

Solution.  log.  l(y^ = 1.0000 

^  sin.  660=9.9607 
Ans.  9M= 0.9607 
In  this  manner  was  computed  Table  XY.,  showing  the  par- 
allax of  the  sun  and  planets  at  different  altitudes. 

Ex.  3.  If  the  horizontal  parallax  of  the  sun  is  8^''.6,  what  is 
its  parallax  for  an  altitude  of  16°  ?  Ans.  S^\21. 

Ex.  4.  If  the  moon's  horizontal  parallax  is  60^  41'^5,  what  is 
her  parallax  when  her  apparent  zenith  distance  is  80°  19'  19'^  ? 
Solution.— By  formula  (1),      sm.  60'  41^'.5 = 8.246833 

sin.  80O  19'  19^^    =9.993775 
Am.  59^  49".67  sin. =8.240608 
Ex.  5.  K  the  moon's  horizontal  parallax  is  60^  41''.5,  what 
is  her  parallax  when  her  true  zenith  distance  is  79°  19^  29".33  ? 
Solution.— By  formula  (3), 

sin.  60^  41".5=8.246833 

sin.  790  19^  29^^33=9.992418 

cosec.  1^^=5.314425 

Sy  38'^29=3578^'.29=3.653676 


sin.  2^=6.4937 

sin.  158°  39^=9.5612 

cosec.  2" =5.0134 


+11'^70=1.0683 
sin.  ^p= 4.740 
sin.  237^^58' =9.928/i 
cosec.  3" =4.837 
-  0^.32=9.505 
Hence  59^  38^^29+11^^70-0^^32=59'  49".67  Ans. 
(207.)   If  the  earth  were  a 
sphere,  a  plumb  line  suspended 
at  0  would  take  the  direction 
OC,  passing  through  C,  the  cen- 
tre of  the  sphere;  and  if  pro- 
duced upward,  it  would  meet  the 
heavens  in  Z.     This  line,  ZOC, 
would  also  be  perpendicular  to 
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the  tangent  line   TOT^    But 
since  the  earth  is  a  qiheraid,  tbo 
meridian,  PEP^Q,,  is  an  eDipse, 
and  a  plamb  line  at  0  being  per- 
^X    pendioolar  to  a  tangent  line,  TT, 
takes  tiie  direction  of  tiie  nanaHi 
line,  ON;  and  NO  being  pi^ 
duced,  meets  the  celestial  sphere 
in  Z^.     The  latitude  obtained  by  observation  will  be  expressed 
by  the  angle  Z^NQ.     This  is  cdled  the  apparent  or  geograjk' 
iccU  latitude ;  while  Z  being  the  geooentrio  zenith,  the  ang^ 
ZGQ  is  called  the  geocentric  latitude.     The  angle  CON  is  ^ 
angle  which  a  vertical  line  makes  with  the  radius  of  the  eaifh, 
and  is  called  the  angle  of  the  vertical. 

Problem. 

(208.)  To  find  the  angle  of  the  vertical. 

Let  PEP^Q,  be  a  section  of  the  earth  by  a  plane  passing 
through  the  poles.  This  section  is  an  ellipse,  whose  semi-major 
axis,  GQ,  is  the  radius  of  the  equator,  and  whose  semi-miiior 
axis,  CP,  is  half  the  polar  diameter.  If  0  be  the  position  of  an 
observer  whose  latitude  is  0,  TT^,  a  tangent  to  the  ellipse  at  the 
point  0,  will  represent  a  horizontal  line,  and  Z^O,  which  is  per- 
pendicular to  TT^,  will  be  the  direction  of  a  plumb  line.  Rep- 
resent the  angle  OCQ,  or  the  geocentric  latitude,  by  ipf\  and 
draw  the  ordinate  OD.  Let  A  and  B  represent  the  semi-stes 
of  the  ellipse. 

By  An.  Q-eom.,  Art.  80,  the  subnormal  ND=-^x,  where  x 

A. 

represents  the  abscissa  CD. 

But  OD=CD  tang.  OCD=ND  tang.  OND, 

B^ 
z  tang.  <t>'=j2^  tang.  <t> ; 

A^ 

B^ 
The  value  of  j^?  ^  determined  by  Bessel,  is  0.9933254. 

Ex,  1.  Compute  the  geocentric  latitude  of  Cambridge  Ob* 
aervatory,  whose  geographical  latitude  is  42^  22'  48^^6. 


or 


that  is. 


tang.  0^=-^  tang.  0. 
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Solution.  log.  ^=9.99709164 

tang.  42^  22^  48^^6=9.96022854 
Arts.  42^  11'  21^^05  tang. =9.95732018 
Henoe  the  angle  of  the  vertical  is  11^  27^^.55. 
Ex.  2.  Compute  the  angle  of  the  vertioal  for  latitude  40^  ? 

tang.  40^=9.92381353 
Am.  390  48'  40^^24  tang. = 9.92090517 
Henoe  the  angle  of  the  vertical  is  11^  19^'.76. 
In  the  same  manner  was  computed  column  second  of  Table 
XII^  showing  the  angle  of  the  vertical  for  every  degree  of  lati- 
tude. 


Solution.  log.  :^=9.99709164 


(209.)  The  horizontal  parallax  of  the  moon  is  the  angle  which 
the  earth's  radius  would  subtend  to  an  observer  at  the  moon. 
It  is,  therefore,  not  the  same  for  all  places  on  the  earth,  but 
varies  with  the  earth's  radius.  It  is  necessary,  therefore,  to 
compute  the  earth's  radius  for  the  place  of  the  observer. 

Problem. 

To  compute  the  radius  of  the  earth. 

Let  EFQ,  be  half  of  the  ellipse  formed 
by  a  section  of  the  earth  through  the 
poles.     On  EQ,  describe  a  semicircle, 
and  produce  OD  to  meet  the  circum-  ^ 
ference  in  L  ,  Join  CO  and  CI.    Represent  the  angle  OCD  by 
<^\  and  the  radius  OG  by  r.     Then,  in  the  triangle  OCD,  we 

have 

CD  =  OC  cos.  ft/=ir  cos.  <(/ ; 

OD = OC  sin.  ^'=r  sin.  <)/. 
Also,  by  Conic  Sections,  Ellipse,  Prop.  12,  Cor.  3, 

B:A::D0:DI=^*ii^4^5i^. 

But  CD*+DP=CP=A». 

•  Therefiwe       r»  cos.  y+^.r»  sin.  V=A'. 
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But.  by  Art  208,         ^=r^- 
■'  '         W    tang,  ij/ 

Hence        r»  cos.  Y+r'  /"•  '^',  tang.  ^=A* ; 

tang.  ^ 

or,  multiplying  by  cos.  ^, 

r^  COS.  (f/  (cos.  0'  COS.  ^+sin.  if/  sin.  ^)=A'  cos.  ^. 
Hence,  by  Trig.,  Art.  72, 

r^  cos.  0^  COS.  (^'— 0)=A*  COS.  ^.' 

Therefore  r«= ^^^'^       , (1) 

COS.  0   COS.  (0—^) 

Ex.  1.  Compute  the  earth's  radius  for  Cambridge  Obsenrato- 
ry,  the  equatorial  radius  being  taken  as  unity. 

The  angle  of  the  vertical  was  found  in  the  preceding  ^rtiidB. 
By  formula  (1),  cos.  0=9.8684615 

sec.  0^=0.1302220 

sec.  (0^-0) =0.0000024 

2)  9.9986859 

log.  r=9.9993429 

Ex,  2.  Compute  the  earth's  radius  for  latitude  40^. 

COS.  40^=9.8842540 

sec.  39°  48'  40^^24=0.1145491 

sec.  IV  19^^76=0.0000024 

2)  9.998»055 
log.  r= 9.9994027 

Problem.  '  '^ 

(210.)  To  find  the  horizontal  parallax  far  any  place. 

Let  F  represent  the  horizontal  parallax  for  a  place  on  the 

equator,  p  the  same  for  a  place  in  any  other  latitude ;  let  r  and 

r"  be  the  radii  of  the  earth  for  the  two  stations ;  then,  by  Art. 

204,  R  sm.  P=r; 

and,  for  the  same  reason, 

R.  sii^.p=:r^, 

r' 
Therefore,  sin.  /;=—  sin.  P  ; 

r 

or,  calling  the  equatorial  radius  unity, 

sin.  1?=/^  sin.  P. 

As  r'  is  nearly  equal  to  unity,  we  may,  without  appreoiAbb 

error,  adopt  the  more  convenient  formula, 
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jp=f-'.P  ; 
that  is,  tiie  moon's  horizontal  parallax  for  any  given  latitude  is 
equal  to  the  horizontal  parallax  at  the  equator,  multiplied  by 
the  radius  of  the  earth  at  the  given  latitude,  the  radius  at  the 
equator  being  considered  as  unity. 

Ex.  1.  When  the  equatorial  horizontal  parallax  is  53',  what 
is  the  horizontal  parallax  for  Cambridge  Observatory? 

Solution.  53'=3180'^=3.5024271 

r"=:9.9993429 
•    Ans.  3175^M9= 3.5017700 

Ex.  2.  When  the  equatorial  horizontal  parallax  is  59^,  what 
is  the  horizcmtal  parallax  for  latitude  40^  ? 

Solution.  59' = 3540^' = 3.5490033 

r'^  9.9994027 
Ans.  3535'M3 = 3.5484060 

It  is  this  corrected  value  of  the  equatorial  parallax  which 
should  be  employed  in  all  computations  which  involve  the  par- 
allax of  a  particular  place. 

Since  the  effect  of  peurallax  is  confined  to  a  vertical  plane, 
when  the  moon  is  on  the  meridian  there  is  no  parallax  in  right 
ascension,  but  its  effect  is  wholly  on  the  decUnation.  In  every 
other  position  of  the  moon  (the  vertical  circle  passing  through 
the  moon  being  inclined  to  the  circle  of  right  ascension),  par- 
allax affects  the  right  ascension  as  well  as  declination  of  the 
moon. 

Problem. 

(211.)  To  compute  the  parallax  in  right  ascension. 

Let  HZO  be  a  meridian, 
Z  the  geocentric  zenith  of  the 
{dace  of  observation,  and  P 
the  pole  of  the  equator.  Let 
A  be  the  true  place  of  the 
moon  seen  from  the  centre 
of  the  earth,  and  B  the  ap- 
parent place  seen  from  the 
surfitce ;  then  will  the  arc  AB  be  the  parallax  in  altitude ;  and 
the  true  hour  angle,  ZPA,  is  changed  by  parallax  into  ZPB. 
Therefore  APB  is  the  parallax  in  nght  ascension. 
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Let  us  represent  the 
zontal  parallax  of  the  plaes 
by  p;  tiie  parallax  in  ng^ 
ascension  by  n ;  thehooriii 
gle,  ZPA  (whiob  is  equil  to 
the  sidereal  time^  minus  Ik 
moon's  true  ri^it  aRoen«(oa)i 
by  A;  the  moon's  declinatiQB 
(which  equals  90°— AP)  by  6;  and  the  geocentric  latitnda  rf 
the  place  of  observation  by  4/.  The  angle  ZPB  will  then  k 
equal  to  A+n. 

In  the  spherical  triangle  ABP,  we  have 

A  "D         T> . .  •     A  Tfc  A  TkT*  «.     sin.  AB  rin.  B 

sm.  AP :  sm.  B ::  sm.  AB :  sxn.  APB=sm.  n= : — 7^7 — . 

sm.  AP 

Also,  in  the  spherical  triangle  BPZ,  we  have 

o;«  T^i.cir.  Tn>f7..  •     T>»7     •     u    sin.  PZ  sin.  (APZ+n) 

sm.  BZ :  sm.  BPZ ::  sm.  PZ :  sm.  B= ; — ^ ^ 

sm.  BZ 

Therefore   sin.  n="^-  f  g  .«g:ZZ.«!^(*±5). 

sm.  AP  sm.  BZ 

But,  by  Art  204, 

sin.  AB=sin.  p  sin.  BZ. 
Hence    ^ji^^'P^n.BZBm.TZ.m.  (A+n) 

sm.  AP  sm.  BZ 
_8in.  p  COS.  0^  sin.  (A+II) 
""    •  cos.  6 

T    .  j_  sin.  p  COS.  ii/ 

Let  us  put  a= — r-^ 

COS.  6 

Then 

sin.  n=a  sin.  (A+Il) (1) 

=a  sin.  A  cos.  Il+a  cos.  A  sin.  n.     Trig.,  Art  72. 

Divide  each  member  by  cos.  n,  and  we  have 

tang.  n=a  sin.  h+a  cos.  A  tang.  n. 

Therefore  tang.  n=,'*^"^'*^ (2) 

1— a  COS.  A  ^ 

This  formula  may  be  developed  in  a  series,  as  in  Art  205,  and 

we  shall  obtain 

„    a  sin.  A  ,  a'  sin.  2A  ,  a'  sin.  3A  ,      .  ,^y 
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Equation  (1)  will  furnish  the  parallax  in  right  ascension,  when 
we  know  the  apparent  hour  angle  (as  affected  by  parallax) ;  but 
when  we  know  only  the  true  hour  angle,  A,  we  must  employ 
equation  (2)  or  equation  (3). 

Ex.  1.  Find  the  moon's  parallax  in  right  ascension  for  the 
High  School  Observatory,  Philadelphia,  Lat.  39^  67^  7''  N.,  when 
the  horizontal  parallax  of  the  place  is  59^  SG^'^.S,  the  moon's  Dec. 
24^  5'  ir^6  N.,  and  the  moon's  hour  an^e  61°  1(K  47'\4t. 

The  geocentric  latitude  of  the  place  is  39°  45^  47^'. 5. 

By  formula  (3), 
sin./? =8.239048 
cos.  ^'=9.885754 

sec.  <J=a039563  0^=6.3287  ^3-4  493 

a=8.164365         sm.  2A=9.9267         sin.  3A=8.791» 
sin.  A=9.942572      cosec.  2^^=5.0134     cosep.  3^^=4.837 
oosec.  r^= 5.314425      +18^^57=1.2688       -0^^01=8.12111 
2638".53= 3.421362 
Hence 

n = 2638^^53 + 18^^57  :r  O^^Ol  =44^  17^^09. 
Therefore  the  moon's  apparent  hour  angle  is 

61°  10^  4r'A+W  1T\1 
=61055'    4'^5. 

With  this  hour  angle  the  parallax  may  be  computed  by  form- 
ula (1),  thus :  a = 8.164365 

sm.  (A +n)= 9.945604 
Ans.  sin.  44^^  17^^09=8.109969 

Bx.  2.  Find  the  moon's  parallax  in  right  ascension  for  the 
Hi^  School  Observatory,  Philadelphia,  when  the  horizontal  par- 
allax of  the  place  is  57'  7''.5,  the  moon's  Dec.  26^  23'  3".6  N., 
Imd  luNir  angle  32<^  39'  49".5. 

Solution, 

sin.  p.  =  8.220532 

COS.  <^'= 9.885754 

sec.  d= 0.047773  a2=6.3081  a^=4.462 

"     a=8.154059  sin.  2A=9.9584  sin.  3A=9.996 

sin.  A = 9.732158       cosec.  2" = 5.0134      cosec.  3" =4.837 
coBeo.  1"= 5.314425  19".05=1.2799  0".20=9.295 

1587".24= 3.200642 
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Hence  n =1587^^54+ 19^^05 +(^'50= 26'  46^^49. 
Therefore  the  moon's  aj^nurent  hoar  angle  is  33^  6'  SG^'i). 
By  formula  (1),  a =8.154059 

sin.  (A+n)=9.737390 
Afis.  sin.  2&  46^^49=7.891449 

Ex.  3.  Find  the  moon's  parallax  in  right  ascension  for  WeiA* 
em  Reserve  College,  Ohio,  Lat  41®  14'  42^',  when  the  horixoD* 
tal  parallax  of  the  place  is  59"  36''.5 ;  the  moon's  Dec.  24^  4' 
41''.7  N.,  and  hour  angle  68°  9"  61''.9.         Ans.  45'  56"A 

Ex.  4.  Find  the  moon's  parallax  in  right  ascension  for  Wes^ 
em  Reserve  College,  Ohio,  when  the  horizontal  parallax  of  Am 
place  is  57'  7".7 ;  the  moon's  Dec.  26°  24'  31".5  N.,  and  hour 
angle  23°  13'  12".0.  Ans.  19'  12".6. 

In  this  manner  was  computed  Table  XYI.,  showing  the  moon's 
parallax  in  right  ascension  for  Cambridge  Observatory  for  iD 
hour  angles  from  the  meridian  to  the  horizon. 

Problem. 

(212.)  To  compute  the  moon^s  parallax  in  declination. 

Let  Z  be  the  geocentric  le- 
nith  of  the  place  of  observa- 
tion, P  the  pole  of  the  equa- 
tor, A  the  trae  place  of  the 
moon,  and  B   its    apparent 
place ;  then  AB  is  the  paral* 
"^    lax  in  altitude,  and  BP— AP 
is  the  parallax  in  declination. 
Represent  the  true  declination,  zenith  distance,  and  hour  an- 
gle of  the  moon  by  d,  Z,  and  h  ;  and  the  apparent  values  of  the 
same  quantities  by  the  same  letters  accented,  d',  Z'l  and  k'. 
Also,  let  7r  represent  the  parallax  in  declination. 

By  Trig.,  Art.  225,  we  have 

.     cos.  a— cos.  ft  COS.  c 

COS.  A  = ; — I — ; . 

sm.  b  sm.  c 
This  formula,  applied  successively  to  the  triangles  APZ  and 
BPZ,  gives 

008.  AP-cos.  PZ  COS.  AZ    cos.  BP-cos.  PZ  000.  BZ 


oo6.AZP= 


sin.  PZ  sin.  AZ  sin.  PZ  sin.  BZ 
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Therefore 

sin.  d— sin.  0'  cos.  Z__8in.  d^— sin.  0^  cos.  Ta\ 

sin.  Z  ""  sin.  7/  ' 

that  is, 

sin.  d  sin.  Z^— sin.  ^'^  sin.  Ta  cos.  Z=sin.  d^  sin.  Z 

—sin.  0^  sin.  Z  cos.  Z', 
or 

sin.  d  sin.  Z"— sin.  ^'  (sin.  Z^  cos.  Z— sin.  Z  cos.  Z') =sin.  d^  sin.  Z. 

But  by  Trig.,  Art.  72,  the  fiEictor  included  within  the  paren-^ 
diesis  is  equal  to  sin.  (Z'— Z),  which,  by  Art  204,  is  equal  to 
sin.  9,  or  sin.  p  sin.  Z'. 

Therefore 

sin.  d  sin.  Z'— sin.  p  sin.  ^'  sin.  Z^=sin.  6'  sin.  Z, 
or  sin.  d^  sin.  Z=sin.  7/  (sin.  d— sin.^  sin.  ^0  •  •  (A) 

Now,  in  order  to  eliminate  7/  and  Z,  we  have,  in  the  spherical 
triangles  AZP  and  BZP, 

.      .  „Tj    sin.  AP  sin.  APZ    sin.  BP  sm.  BPZ 

Sm.  AZP  = : -r-= = ; — ^^ . 

sm.  AZ  sm.  BZ 

Therefore 

sin.  BZ  sin.  AP  sin.  APZ 


sin.  BP  sin.  AZ=' 


sin.  BPZ 


,,   .     „    sin.  7/  COS.  d  sm.  h  ,r%\ 

or  COS.  6'  sm.  Z= ; — =- ....  (B) 

sm.  h^  ^ 

Dividing  equation  (A)  by  equation  (B),  we  obtain 

.,    sin.  d— sin.  p  sin.  0^    .     ,, 

tang.  d^= . — , — ^ — -—-^.sm.  A^ 

sm.  h  COS.  d 

Hence  tang.  g.  J^j^_^!LP^y^ 
°  \cos.  d  COS.  d      /sm.  A 

(-     sin.  p  sin.  0^\sin.  h\        ^  ,^. 

sm.  d      /sm.  A       °  ^  ^ 

(213.)  Formula  (1)  furnishes  the  apparent  declination  in  terms 
of  the  true  declination,  the  true  hour  angle  and  the  apparent 
hour  angle,  which  is  obtained  by  the  preceding  problem.  It  is 
the  simplest  formula  known  for  the  parallax  in  declination ;  but 
in  order  to  obtain  all  the  accuracy  which  is  required  in  many 
ooo^tations,  it  is  necessary  to  have  a  table  of  sines  and  tan- 
gents to  seven  decimal  places  for  every  second  of  the  quadrant. 
It  is,  therefore,  sometimes  more  convenient  to  have  a  formula 
which  shall  fiimish  the  parallax  directly. 
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From  the  last  equation  but  one  we  have 

tang,  d^  sin.  A    ^         ^    sin.;?8in.^ 

^=^. — =tang.  d ^     .^f 

sin.  hf  COS.  6 

,  ,  »    tang.  6^  sin.  A     sin.  p  sin.  4/ 

whence         tang.  6 -^. — r- = =- — —-2-, 

sin.  A'  COS.  d 

or 

»     .         ,,  .  ,         »,    tang,  d^  sin.  A    sin.  o  sin.  ^ 

tang.  (J— tang.  <J^+tang.  d' -^-: — =- = ^ — —2-. 

°  °  °  sin.  A'  008. 6 

But   tang,  d-tang.  J^=  ^'  i'^^'^'L    Trig.,  Art.  76. 

COS.  d  cos.  d 

Therefore 

sin.  (6-62     sm. ^  "^^ » -*°^/^ (sin.  A^-siiL  A). 
cos.  d  COS.  d  COS.  d  sin.  A'  ^ 

But  by  Trig.,  Art  75, 

sin.  A"— sin.  A=2  sin.  i(A'— A)  cos.  i(A'+A) 

=2  sin.  in  cos.(A+in). 

Therefore 

sin.  TT      _sin.  j9  sin.  0^    2  sin,  jll  cos.  (A+ jn)  tang.  ^ 

COS.  d  COS.  d^  cos.  d  sin.  A" 

But  by  Trig.,  Art.  74, 

^   .      ,„      sin.  n      1..  t    1     A-L  011     sin. ;?  COS.  A' sin.  A' 

2  sin.  in= r->  which,  by  Art.  211= — r— ^— s ■ 

COS.  in  COS.  d  COS.  in 

Therefore 

sin.  n'=sin.  p  sin.  0'  cos.  d' 

—sin./?  cos.  0^  COS.  (A+JII)  sec.  in  sin.  d^    .  (G) 

Let  us  put 

cot.  6=cos.  (A+in)  cot  (j/  sec.  in     (D) 

Then 

sin.  7r=sin.  p  sin.  <t>^  cos.  d^— sin.  p  sin.  ^'  sin.  d'  cot  4 

.  Ycos.  d^  sin.  6— sin.  6'  cos.  ft\ 

=sm.  p  sin.  01 : — r 1 

\  sin.  o  ) 

Jy^p  sin. »-  ^j^  ^        ^  ^ 

Sin.  A  \         /        -^       o 

.-   ^         ,         .  sin.  p  sin.  ^ 

Let  us  also  put  c = ^^ — p-^. 

sin.  6 

Then  sin.  7r=c  sin.  (6— d+7r) (3) 

But  by  Trig.,  Art.  72, 

sin.  (6— d+7r)=8in.  (6— d)  cos.  tt+oos.  (&— d)  sin.  ir. 

Therefore 
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sin.  'Tr=c  siiL  (4— d)  oos.  ir+c  cos.  (6— d)  sin.  m 

Dividing  by  cos.  tt,  we  have 

tang.  7r=c  sin.  (6—d)+c  cos.  (&— d)  tang.  tt. 
"Whence 

,  c  sin.  (6— d) 

°         1— c  COS.  (ft— d) 

Developing  this  formula  in  a  series,  as  in  Art  205,  we  obtain 
__c  sin.  (6— d)^c'  sin.  2(6— d)^c^  sin.  3(6— d) 

sin.  2^" 


(3) 


+ 


+ 


f ,  etc.  (4) 


sin.  V  sin.  2^"  sin.  3'' 

Equation  (2)  will  fiimish  the  parallax  in  declination  when  wo 
know  the  apparent  declination  (as  affected  by  parallax).  But 
when  we  know  only  the  true  declination,  we  must  employ  equa- 
tion (1),  or  (3),  or  (4). 

(214.)  The  auxiliary  an- 
gle bj  introduced  in  equation 
(D),  has  a  geometrical  sig- 
nification. 

K  we  draw  the  arc  PC, 
bisecting  the  angle  APB,  we 
shall  have  APC  =  in,  and  h' 
ZPC = A + in,  whence  equa- 
tioi^(D)  becomes 

cot.  6= COS.  ZPC. tang.  PZ  sec.  APC, 
or  cot.  b  COS.  APC=tang.  PZ  cos.  ZPC   ....  (1) 

If  we  draw  Zb  perpendicular  to  PC«  Tab  will  be  an  isosceles 
triangle,  and  we  shall  have,  by  Napier's  rule, 

tang.  Pc=tang.  Pa  cos.  APC = tang.  PZ  cos.  ZPC  .  (2) 

Comparing  equations  (1)  and  (2),  we  see  that  the  arc  b  is  the 
complement  of  Pa,  or  the  arc  b  is  equal  to  the  declination  of  the 
point  a.  If  we  produce  the  arcs  PA  and  PB  to  meet  the  equa- 
tor EQ,  then  dH  or  bJi  will  represent  the  arc  b. 

But  AM=d. 

Therefore  Aa = 6 — d. 

Also,  BN=d^=d-7r. 

Therefore  B6=6-(d-7r)=:6-d+7r. 

Also,  by  Spherical  Trigonometry,  Art.  215, 

sin%  ZaA :  sin.  ZA  tr  sin.  AZa :  sin.  Aa, 
and  sin.  ZB :  sin.  ZbB : :  sin.  Bb :  sin.  BZb. 

N 
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Therefore,  sinoe  Tab  is  an  isosceles  trianglei  we  have 
sin.  ZB :  sin.  ZA ::  sin.  Bb :  sin.  Aa, 
sin.  z^__sin.  (b-^S+n) 
sin.  z        sin.  (b—d) 
This  equation  will  be  employed  in  Art  218|  page  200. 
Ex.  1.  Find  the  moon's  parallax  in  declination  for  the  lEgjk 
School  Observatory,  Philadelphia,  when  the  horizontal  paraDu 
of  the  place  is  59^  36'^8,  the  moon's  Dec.  24°  5"  IV'.S  N.,  tb 
moon's  hour  angle  61^  10^  47^^.4,  and  the  parallax  in  riglit  i^ 
cension  44'  17'M. 

Solution. — ^By  formula  (1),  page  191, 

sm.p=  8.2390478 

sin.  ^'=  9.8059193 

cosec.d= 10.3892161 

.02717585  =  8.4341832 

.97282415=  9.9880344 

sin.  A'=  9.9456035 

tang.  d=  9.6503464 

cosec.  A =10.0574279 

d^=23o  39^  r^50  tang.=  9.6414122 

Therefore  7r=24o  5'  ir^6-23o  39^  r^50=26'  lO'M. 

By  formula  (4),  page  193,    cos.  (A + in) = 9.677980 

cot.  ^'=0.079834        * 
sec.  in =0.000009 
4=60°  12'  22 '.2  cot =9.757823 
d=24Q    5'  ir'.6 
ft-(J=36<>    7'10''.6 

sin.;? =8.239048 
sin.  0^=9.805919 

oosec.  &= 0.061571  0^=6.2131                 c'=4320 

c=8.106538  8in.2(6-d)  =  9.9788  sin. 3(ft-d)= 9.977 

sin.  (6 -d)= 9.770464  cosec.  2 '  =  5.0134      co8ec.3"=4.837 

cosec.  1"= 5.314425  16".04  =  1.2053           0".14=9.134 
1553".91= 3.191427 

n = 1553''.91  + 16".04 + 0".14 = 26'  10".l. 
Therefore  the  moon's  apparent  decUnation  is 

240    5'  ll''.6-26'  10".l 
=23039'    1".5N. 
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With  this  declination  the  parallax  may  be  computed  by  form- 
ula (2)y  page  192,  thus : 

c=8.106538 
sin.  (6 -dO  =  9774963 
sm.  26^  l(yM= 7.881501 
Sx.  2.  Find  the  moon's  parallax  in  declination  for  the  High 
School  Observatory,  Philadelphia,  when  the  horizontal  parallax 
of  the  place  is  57'  7''.5,  the  moon's  Dec.  26^  23'  3''.6  N.,  the 
moon's  hour  angle  32^  39'  49".5|  and  the  parallax  in  right  as- 
cension 26'  46".5. 

Solution.'^By  formula  (4), 

008.  (A + in)  =  9.924147 

cot,  0'= 0.079834 

sec.  in =0.000003 

4=440  44/ 13//;7  oot=0.003984 

d=26Q  23'    3".6 

A-<J=18o21'10".l 

sin.  p= 8.220532 

sin.  0'= 9.805919 

coeeo.  4=0.152517 

c=8.178968  c«=6.3579  ^3=4.537 

sin.  (4-d)=9.498128  sm. 2(4- d)= 9.7765  sin. 3(4 -d)  =  9.914 

cosec.  1" = 5.314425  cosec.  2" = 5.0134  cosec.  3" =4.837 

980'^67 = 2.991521  14".06 = 1.1478  0".19  =  9:288 

n = 980".67 + 14".06 + 0".19 = 16'  34".92. 

Therefore  the  moon's  apparent  declination  is 

26^23'    3".6-16'34".9 
=26°    6'28'^7N. 
With  this  declination  the  parallax  may  be  computed  by  form- 
ula (2),  thus : 

c=8.178968 

sin.  (4--d')=9.504392 
sin.  16'  34".92= 7.683360 
Ex.  3.  Find  the  moon's  parallax  in  declination  for  Western 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  place 
is  59'  36".5,  the  moon's  Dec.  24°  4'  41".7  N.,  and  hour  angle 
68^  9'  51".9 ;  and  the  parallax  in  right  ascension  45'  56".5. 

Ans.  29'  17".9. 
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Ex,  4.  Find  the  moon's  parallax  in  declination  far  WestaD 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  phoi 
IS  57^  7^^7,  the  moon's  Dec.  26°  24^  31'^5  N. ;  the  hour  tn^ 
is  230  13/ 12^^0,  and  the  parallax  m  right  ascension  19^  12".e. 

Ans.  16'  IS^'A 

The  effect  of  parallax  is  always  to  increase  the  hour  ang^or 
the  angular  distance  of  the  moon  from  the  meridian ;  heneer 
when  the  moon  is  on  the  eastern  side  of  the  meridian,  the  p» 
allax  in  right  ascension  increases  the  tme  right  ascension  <tf  Ik 
moon ;  but  when  the  moon  is  on  the  western  side  of  the  meiid- 
ian,  the  parallax  diminishes  the  right  ascension.  The  panhx 
in  declination  increases  the  distance  of  the  moon  irom  the  mitk 
polo  in  both  situations. 

In  the  computation  of  occultations  of  stars  by  the  moon,  it  ii 
(convenient  to  know  the  change  which  the  parallaxes  nndeigom 
a  given  interval  of  time,  as,  for  example,  in  one  hour.  This  mtj 
be  effected  by  differentiating  the  expressions  already  obtuned 
for  the  parallaxes. 

Problem. 

(215.)  To  find  the  hourly  variation  of  the  pcfrallax  in  rigU 
ascension. 

Equation  (1),  of  Art.  211,  is 

„     sin.  p  COS.  d>^  sin.  A' 

sm.  n= ^4 . 

COS.  d 

Since  the  arcs  IT  and  p  are  in  all  cases  small,  they  will  dife 
but  little  from  their  sines,  and  sin.  h^  differs  but  little  from  no. 
A  ;  wo  will  therefore  employ  the  more  convenient  formula, 

__/?  cos.  ^'  sin.  h 

XL -  • 

COS.  6 

In  this  formula  h  is  the  only  quantity  which,  by  its  nqpid  ti- 
riation,  has  any  important  influence  on  the  quantity  aoo^ 
Hence,  regarding  h  as  the  only  variable,  wo  obtain 

-    __/?  COS.  0'  COS.  hdh 
COS.  6 
The  differential  of  h  must  be  taken  in  parts  of  radius.    If  the 
variation  is  required  for  one  hour,  M  will  represent  the  arc  d 
15°,  which  is  .2617994,  radius  being  unity. 
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Ex,  1.  Find  the  hourly  variation  of  the  mqpn's  parallax  in 
right  ascension  for  Cambridge  Observatory,  whose  geocentric 
latitude  is  42^  IV  21^^,  when  the  horizontal  parallax  of  the 
place  is  57^  the  moon's  Dec.  25°,  and  the  hour  angle  50°. 

Solution.  p=57'= 3420^' = 3.534026 

003.0^=9.869778 

COS.  A  =  9.808067 

dh = .2617994  =  9.417969 

sec.  d= 0.042724 

470^^5=2.672564 

Ex.  2.  Find  the  hourly  variation  of  the  moon's  parallax  in 
ri^t  ascension  for  Cambridge  Observatory,  when  the  horizontal 
parallax  of  the  place  is  61^,  the  moon's  Dec.  20°,  and  the  hour 
angle  15°.  Ans.  729^^8. 

Problem. 

(216.)  To  find  the  hourly  variation  of  the  parallax  in  dec- 
lination. 

Equation  (C),  of  Art.  213,  is 
sin.  7r=8in.  p  sin.  if/  cos.  d''— sin.  p  cos.  tj/  cos.  h  sec.  in  sin.  6\ 

Substituting  the  arcs  n  and  p  for  their  sines,  and  using  <5  in 
place  of  cK,  we  obtain  the  following  more  convenient  formula, 
which  affords  an  approximate  value  of  tt, 

7r=/?  sin.  if/  COS.  d—p  cos.  if/  cos.  A  sin.  d. 

Differentiating  this  formula,  regarding  h  as  the  only  variable, 
W6  obtain 

dn=p  COS.  0^  sin.  6  sin.  hdh. 

Ex.  1.  Find  the  hourly  variation  of  the  moon's  parallax  in 
declination  for  Cambridge  Observatory,  when  the  horizontal  par- 
allax of  the  place  is  57^  the  moon's  Dec.  25°,  and  the  hour  an- 
gle 50°. 

Solution.  p = 3.534026 

COS.  0^=9.869778 

sin.  cJ= 9.625948 

sin.  A  =  9.884254 

rfA= 9.417969 

214^^8=2.331975 

Ex.  2.  Find  the  hourly  variation  of  the  moon's  parallax  in 
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•leclination  br  Oimlridge  Obseiraiofy,  ^wlien  the  lioruDootai  pir- 
allax  of  the  place  is  61^,  flie  moon's  Dec  20^,  and  the  hoar  in- 
^e  IS"".  Ams.  eS^'A 


(217.)  The  apparent  diameter  of  the  moon  is  the  angle  whieh 
its  disk  subtends.  This  angle  b  not  the  same  tar  all  points  of 
the  earth,  on  acconnt  of  their  different  distances  from  the  roooa. 
As  the  moon  rises  above  the  horizon  (if  we  suppose  its  distaoee 
from  the  centre  of  the  earth  to  remain  constant),  its  distune 
tiom  the  place  of  observation  must  diminish  while  its  altitale 
mcreases,  and,  consequently,  its  apparent  diameter  must  incieiie. 

Problem. 

To  find  the  augmentation  of  the  moon's  semi^diameier  an 
account  of  its  altitude  above  the  horizon. 

Let  C  and  U  be  the  cen- 
tres of  the  earth  and  moon, 
and  A  a  point  on  the  earth's 
surface.  The  semi-diameter 
of  the  moon,  as  seen  from  C, 
is  the  angle  BCM ;  but  tbs 
semi-diameter,  as  seen  from 
A,  is  the  angle  B^AM. 

Represent  the  angle  BCX 
by  S;  the  angle  B'AM  by  S'; 
the  angle  ZCM  by  Z,  and  the 
angle  ZAM  by  Z\ 
Then,  in  the  right-angled  triangle  BCM,  we  have 

BM 


sin.  BCM = sin.  S= 
Also,  in  the  triangle  B'AM,  we  have 

sin.  B^AM=8in.  S'  = 


CM" 


B^M 
AM' 


Hence    sin.  S :  sin.  S 


BM   BM 


::AM:CM. 


CM   AM 
But  in  the  triangle  CAM  wo  have 

AM :  CM ::  sin.  ACM :  sin.  CAM ::  sin.  Z :  sin.  Z". 
Therefore       sin.  8 :  sin.  S' ::  sin.  Z :  sin.  Z', 
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•      «y  '  sin.  S  sin.  Z'  , . . 

or  sin.  S'= — -T— = (A)  . 

sin.  L 

.  But  since  8  never  amounts  to  17^,  we  may  substitute  the  aro 

for  its  sine,  and  we  obtain 

S.sin.  Z' 


S'= 


Hence  S'--S=S. 


sin.  Z 
sin.  Z^— sin.  Z 


sin.  Z       ' 

whieh  represents  the  augmentation  of  the  moon's  semi-diame* 
ter,  as  seen  from  a  point  on  the  earth's  surface  instead  of  its 
centre ;  Z  being  the  zenith  distance  of  the  moon  viewed  firom. 
the  centrcy  and  Z^  the  zenith  distance  as  seen  from  the  surfiEu^. 
But  by  Trig.,  Art.  75, 

sin.  Z^-sin.  Z=2  sin.  i(Z'-Z)  cos.  i(Z^+Z). 
Hence 

x=S'-S=^^.sin.  i(Z^-Z)  COS.  i(Z^+Z). 

sm.  Z 

If  we  represent  the  parallax  in  altitude  by  q,  we  shall  have 

Z=Z^-^. 

2S 

Hence        a;=  - — -==- r  sin.  i  q  cos.  CLf—  Jg). 

sm.  {/*  —q) 

But  since  the  angle  q  is  always  small,  we  may,  without  sensi- 
ble error,  put  q  for  sin.  ^,  and  make  cos.  q  equal  to  unity.    Hence 

_S.q  COS.  (Z^— i(7) 
^■"      sin.  (Z'^q)      ' 
But  by  Trig.,  Art.  72, 

COS.  (Z^— i^)=cos.  Z^  COS.  i^+sin.  Z^  sin.  iq. 
Also,      sin.  (Z^— ^)=sin.  Z"  cos.  g— cos.  Z^  sin.  q. 
Hence  \^^S:g(oos^Z'+ig  sin^ 

sm.  Z^—q  cos.  Z' 
But,  according  to  Burckhardt's  Tables  of  the  Moon,  we  have 

S  :>::!:  3.6697. 
If  we  represent  3.6697  by  Ar,  then 

p=k.8. 
And  by  Art.  204, 

q=:k,  8  sin.  Z\ 

{   Therefore 

^k.S"  sin.  Z'  (cos.  Z'+ik.8  sin.  'ZQ 

^""        sin.  Z"-A:.S  sin.  Z'  cos.  Z'        ' 
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_fc.S»(co6.  Z'+jk.S  gJD.  'ZQ 

"^  ^^  1-ife.Scos.Z'  • 

Dividing  ihe  nnmerator  by  the  denomiiiftior  in  cider  to  da- 

velop  this  expression  into  a  series,  we  obtain 

x=k.S^  cos.  Z'+ik^S^+ilc'.S^  COS.  *Z'  +  ,  etc. 

K  we  put  A=A  sin.  1''= 0.00001779,  we  shall  have  for  & 

augmentation  expressed  in  seconds, 

a:=AS2'co8.  Z'+iA'S^+iA2S3cos.^Z'+,etc.  .  (1) 

By  this  formula  was  computed  Table  XIII.,  by  which  ti» 

augmentation  of  the  moon's  semi-diameter  may  be  obtained  hj 

inGqpection. 

(218.)  When  the  parallax  in  declination  has  been  previoinly 

computed,  the  following  method  is  preferable : 

By  Art  214,  page  194, 

sin.  Z'_sin.  (6— <5+Tr) 

sin.  Z        sin.  (b—6) 

Hence,  firom  equation  (A),  page  199, 

o,     sin.  S  sin.  (b—6+n) 
sm.  S'= ,—^-— ^, 

sm.  (o—o) 

J      .      «/      •      cr    sin.  S{sin.  (6— <J+t)— sin.  (6— ^)1 

and    sm.  S'— sm.  S= >— . — rr—-i:;^ ^ -^ 

sm.  {o—o) 

But  by  Trig.,  Art.  75, 

sin.  (6— d+7r)— sin.  (6— cJ)=2  sin.  ^tcos.  (6— (f+i?r). 

Therefore 

o;«    Q^     «;«    «_sin^S.2  sin.  irrcos.  (6— J+Jt) 
sm.  o  — ~  siQ.  o i — -— r-  % 

sm.  {0—6} 
But  since  the  arcs  S,  S\  and  rr  are  very  small,  we  may  pot 

S=8in.  S,  and  2  sin.  J7r=sin.  tt. 

sm.  {o—d) 
But  by  Trig.,  Art.  72, 

cos.  (6— <5+i7r)  =  cos.  {b—6)  cos.  Jt— sin.  {b—d)  sin.  Jir. 

Hence 

__  S.sin.  TT  {cos.  (6— <5)  cos.  Jtt— sin.  {b—d)  sin.  Jt} 

^  sin.  (6-(J)  ' 

or  x=  S  sin.  tt  cot.  (6— cJ)  cos.  in—  S  sin.  t  sin.  Jt. 

If  we  assume  cos.  ^rr  equal  to  unity,  and  sin.  ^?r  equal  to  i 

sin.  TT,  we  shall  have 

x=Ssin.  TT  cot  {b—d)  —  iS  sin.  V  ....  (2) 
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When  we  know  the  moon's  apparent  altitude,  we  may  com- 
pute its  apparent  diameter  by  equation  (1),  or  take  it  directly 
from  Table  XIII. ;  but  when  the  parallax  in  declination  has  been 
computed,  it  is  better  to  employ  equation  (2.)  The  value  of 
(6-i5)  is  obtained  by  Art  213,  page  192. 

£!x,  1.  Calculate  the  augmentation  of  the  moon's  semi-diam* 
eter  when  its  true  semi-diameter  is  IG""  3(K^,  and  its  apparent 
altitude  66^. 

So/tf/ton.— By  equation  (1),  page  200, 

16^  30^^=990^^=2.99564  S3=8.9869 

2  A2= 0.5004 

S»=5.99128       '  0.5=9.6990 

A= 6.25021     0'M5 = 9.1863 

cos.  Z" =9.96073    cos.  ^Z^= 9.9215 

15^^93 = 1.20222  0^M3 = 9.1078 

Hence  15^^93 +0^M5+0^M3= 16^^21,  the  augmentation, 

the  same  as  given  in  Table  XIII. 

Ex.  2.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ez.  1,  Art.  214,  when  the  horizontal  semi-diameter  is 
16'  16'^0. 

Solution.'— '^y  equation  (2),  page  200, 

16'  16^' = 976'' = 2.98945  488" = 2.688 

7r=26'10".l    sin.=7.88150  sin.  V= 5763 

A-d=36o  7/ 11//  cot =0.13683  0".03=8.451 

10".18= 1.00778 
Hence  the  augmentation  =10".18-0".03=10".15. 

Ex.  3.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  2,  Art.  214,  when  the  horizontal  semi-diameter  is 
15'  37".l.  Am.  13".6. 

When  the  moon's  hour  angle  is  known,  its  altitude  may  be 
taken  from  a  celestial  globe  with  sufficient  precision  to  furnish 
the  augmentation  of  its  semi-diameter  within  one  or  two  tenths 
of  a  second,  by  means  of  Table  XIII. 

Ex.  4.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  3,  Art.  214,  when  the  horizontal  semi-diameter  is 
16'  16".0.  Am.  8".84. 


CHAPTER  DC. 

MISCELLANEOUS  PROBLEMS. 
INTERPOLATION    BY  DIFFERENCES. 

(219.)  It  is  frequently  required,  from  a  series  of  equidistuit 
terms  following  any  law  whatever,  to  deduce  some  intermedi- 
ate term.  Thus,  in  the  Nautical  Almanac,  we  have  given  tbe 
moon's  right  ascension  for  every  hour  of  the  day,  and  from  tbess 
data  it  may  be  required  to  determine  its  right  ascension  for  some 
intermediate  instant.  This  is  effected  by  interpolation.  The 
quantities  upn  which  the  values  of  the  given  magnitudes  de- 
pend are  called  Arguments,  Time  is  generally  the  argameot 
in  astronomical  tables. 

Let  a,„  a,,  a,  Cq  a'  a''  a'" 

be  the  given  places  of  the  moon,  corresponding  to  the  times 

T-3A,  T-2/i,  T-A,  T,  T+A,  T+2A,  T+3A, 
where  A  may  represent  any  interval  of  time  at  pleasure.  Tbeso 
places  may  be  right  ascensions  or  declinations,  longitudes  or 
latitudes,  or  magnitudes  of  any  other  kind.  Subtract  the  fint 
term  of  the  series  from  the  second,  the  second  from  the  thirdi 
and  so  on,  giving  to  each  remainder  the  sign  which  results  from 
the  rules  of  algebra ;  and  let  the  first  order  of  differences  be  rep- 
resented by  h,„  b„  6^,  etc.  Subtract  each  of  these  first  difier- 
ences  from  the  one  next  below  it,  for  a  second  order  of  differ- 
ences, paying  attention  to  the  signs,  and  represent  these  diifiv- 
ences  by  c,„  c,,  c^,  etc.,  and  proceed  in  the  same  manner  for  the 
third,  fourth,  etc.,  orders  of  differences,  as  represented  in  the  Al- 
lowing table : 
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Time  or 
Arfiunent. 

QnuUttiM. 

Ist  Diff. 

UDur. 

UDio: 

4tliDiff. 

SthDiir. 

fith  Diff. 

T-3A 

h,„ 

T-2A 

O// 

h„ 

'-/// 

d,„ 

T-  h 

a, 

K 

c., 

d„ 

^/// 

/... 

T 

«o 

——Oq— 

c, 

-d,— 

e„ 

-//  — 

&/// 

T+  h 

a' 

V 

Co 

do 

e, 

/. 

ff// 

T+2A 

a" 

b" 

tf 

d' 

Co 

T+3A 

a'" 

b"' 

c" 

, 

T+4A 

a"" 

K  we  put  a^*^  to  represent  that  term  of  the  series  which  fol- 
lows ao  at  the  interval  /,  then,  as  shown  in  Algebra,  Art.  297, 
we  shall  have 


i(«) 


=ao+/.&o+^^>^o  +  ^^^""ySf""^^rfo  +  ,etc.  .  (A) 


2       '"  •         2.3 
J?x.  1.  Given  the  moon's  right  ascension  as  follows: 


Date. 

Right  Ascension. 

1st  Difference. 

Sd  Difference. 

185». 

Jk. 

A.            M.                           9m 

m. 

9. 

9. 

February  1, 

0 

8  34  36.65 

+2 

5.65 

1 

8  36  42.30 

+2 

5.44 

-0.21 

2 

8  38  47.74 

+2 

5.23 

-0.21 

. 

3 

8  40  52.97 

-0.23 

4 

8  42  57.97 

+2 

5.00 

Required  the  moon's  right  ascension  at  February  1,  Oh.  15m. 
Here  a©  =  8h.  34m.  36.65s. ;  Aq  =  +  2m.  5.65s. ;  c©  =  —  Q.21s. ; 
and  /  =  15m.  =  .25  in  parts  of  an  hour.     Therefore 

a^*> = 8h.  34m.  36.65s. + 125.65  x  .25 + 1:^  x  .25  x  .75 

=8h.  34m.  36.65s. + 31.41s. + 0.02s. 
=  8h,  35m.    8.08s. 
Table  XXIIL,  page  393,  gives  the  coefficients  of  each  order 
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of  differences  for  every  hnndiedth  part  of  the  tmit  of  time  eli|ii- 
ing  between  the  given  terms  of  the  series.  In  the  pfecediif 
example  the  second  differences  are  sensibly  constant  In  tlw 
following  example  the  numbers  appear  more  irregular. 

Ex,  2.  Given  the  right  ascension  of  the  moon's  limb  for  tha 
upper  and  lower  transit  at  Washington,  as  follows : 


Date.          1  Right  Awens. 

IfltDiir. 

MDiir. 

adDiir 

MiDlffl 

flthlNi: 

I8U. 

4.    m.      a. 

m.       9. 

9. 

9. 

«. 

9. 

July  3,  L.  T. 

23  37  59.54 

+37  57.01 

U.T. 

33    5  56.55 

+37    4.06 

-58.95 

+  10.27 

4,  L.  T. 

33  33    0.61 

+36  81.38 

-43.68 

+  10.91 

+0.64 

-0.61 

U.T. 

23  59  31.99 

+35  49.61 

-31.77 

+  10.98 

+0.01 

-0.40 

6,  L.  T. 

0  35  11.60 

+35  38.76 

-30.85 

+  10.53 

-0.39 

-0.17  i 

U.T. 

0  50  4b.36 

+35  18.44 

-10.33 

+  9.97 

-0.56 

6,  L.  T. 

1  15  58.80 

+35  18.09 

-  0.35 

U.T. 

1  41  16  89 

to  find  the  moon's  right  ascension,  July  3,  at  its  transit  over  t 

place  one  hour  west  of  Washington. 

ft)   oou  or^     «o  n4    .  1677.01s. .  62.95s.  x  11    10.27s.  x  11  x23 
a^*' =22h.  37m.  d9.54s. +- 


12 
0.64s.  X  11x23x35 


2x12x12  "*■  6x12x12x12 
0.63s.  X  11x23x35x47 


24x12x12x12x12    120x12x12x12x12x12' 


or 


a<*^=22h.  37m.  59.54s.  +  139.75s. +2.06 +0.25 -0.01 -0.01 
=22h.  40m.  21.58s. 

(220.)  It  will  generally  be  found  more  convenient  in  practioo 
to  take  the  coefficients  for  the  several  orders  of  differences  direot> 
ly  from  Table  XXIII.  It  will  be  observed  that  the  coefficients 
of  the  second  and  fourth  differences  are  negative,  while  those  <rf 
the  odd  differences  are  positive.  Hence  the  corrections  for  the 
odd  differences  will  have  the  same  sign  as  those  differences;  bat 
the  corroctions  for  the  even  differences  will  have  a  sign  conirarf 
to  those  differences.  Hence,  in  the  above  example,  the  correc- 
tions for  the  first,  second,  and  third  differences  are  positive,  while 
the  other  two  corrections  are  negative. 

(221.)  Formula  (A)  proceeds  from  values  which  belong  to  a 
less  argument,  to  those  which  belong  to  a  greater  argument; 
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bat  we  are  at  liberty  to  proceed  in  the  reverse  order.  Conceive 
tbe  times  and  quantities  given  on  page  203  to  be  written  in  an 
inverted  order,  so  that  the  table  shall  begin  with  thei  last  value, 
a""^  and  end  vnth  the  first,  a,„.  The  first  differences  would 
then  be  a'''  -  a''''  =  -  V  ;  a''  -  a'''  =  -  V,  et«.  That  is,  the 
first  differences  would  be  the  same  as  given  in  the  preceding  ta- 
ble, but  with  contrary  signs.     The  second  differences  would  be 

-d"^-(-ft'"0=*'''-*''=  +^';  that  is,  the  second  differences 
would  retain  the  same 'signs  as  before.  The  third  differences, 
c^-c^^=  -rfS  etc.,  change  their  signs,  while  the  fourth  differen- 
oes  remain  unchanged,  and  so  on ;  that  is,  the  differences  of  an 
odd  order  have  tiieir  signs  reversed. 

Suppose  now  that  ^  is  a  proper  fraction,  representing  the  dis- 
tance of  the  term  a^^^  firom  a^  ;  then  the  first,  second,  third, 
fimrth,  etc.,  differences  corresponding  will  be  —  b^  ;  +  c, ;  —d,,; 
+e^y^j  etc. ;  and  consequently, 

..■=.>-(l-Ot„+"-')<l-'-\ 

_(l-,)(l-<-l)(l-<-3),^_  .to., 
.»=^+(«-l)J„+fcl),,+fc>).(?+l),„ 


or 


2       "  2.3 


+fcM±M±?).„,+,  ^ (B) 

(222.)  Equations  (A)  and  (B)  are  each  of  them  only  approxi- 
mate ;  but  when  the  error  of  one  is  positive,  the  error  of  the 
Oftlier  will  generally  be  negative,  so  that  we  shall  obtain  a  more 
aoonrate  expression  if  we  take  the  half  sum  of  both  (A)  and  (B), 
and  we  shall  have 

^(t,_«o±«:  .  ^  .      bo    t{t-l)(co+c\ 

^  — g— +^-^o  2^  2  V  2  ; 


■f 


fcl)j(^--2)rfo  +  (^+lK.j^^^t^^ 


But  a^-fto=ao; 

and  consequently, 

Alao,  rfo=rf/+^//  d,,=^d,^e,,^  etc. 


a<« 
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SubstitatiDg  these  values  in  tbe  preoeding  eqoatkm,  we  ob- 
tain 

^S<±l)^£-«(^Je^^^_  rtc.  .....  (O 

Since  /  is  supposed  to  be  included  between  0  and  1,  it  is  plain 
that  the  coeflBcients  of  the  third,  fourth,  etc.,  differences  in  fiorm- 
ula  (C)  are  smaller  than  in  formulas  (A)  and  (B) ;  that  is, 
series  converges  most  rapidly. 

It  will  readily  be  perceived  that  in  formula  (A)  the  first, 
ond,  third,  etc.,  differences  in  the  table  on  page  203  lie  in  a  di> 
agonal,  which  starts  from  between  Oq  and  a"  and  inclines  down- 
ward. In  formula  (B),  on  the  contrary,  they  lie  in  a  diagood 
which  inclines  upward ;  while  in  formula  (C)  the  odd  difierenooB 
are  intersected  by  a  horizontal  line,  which  starts  from  betweoi 
Ao  and  a' ;  but  for  the  even  differences  we  employ  the  half  som 
of  that  which  lies  above  and  that  which  is  below  the  horizontal 
line. 

(223.)  If  we  represent  the  coefficients  of  the  several  orders  of 
differences  by  B,  C,  D,  etc.,  formula  (C)  may  be  written 

a^*>=ao+B6+Cc+Drf+Ee+F/,eto.  .  .  .  (D) 
where  we  put  6 =6© 

Co  +  C, 


'=     2 

e,+e„ 

2~ 

^-—2- 
^_t{t-l){t-i) 
2.3 
{t+l)t{t-l){t-2) 

^= 27374 

(t+l)t{t-l)(t-2){t-i) 
2.3.4.5  ' 

This  formula  is  the  one  reoommeDded  by  Professor  BesseL 
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Table  XXII!.,  page  392,  gives  the  valnes  of  the  preceding  coef- 
ficients for  every  hundredth  part  of  the  unit  of  time.  It  will  be 
observed  that  the  coefficient  of  the  second  differences  is  invaria- 
bly negative ;  but  for  values  of  t  less  than  .50,  the  coefficients  of 
iiie  thkd  and  fourth  differences  are  positive,  and  the  fifth  nega- 
tive ;  while  for  values  of  t  greater  than  .50,  the  coefficients  of  the 
third  differences  are  negative,  but  the  fourth  and  fifth  are  positive. 

Example.  Required  the.  moon's  right  ascension  for  July  10, 
1855,  at  8h.  mean  time. 

Take  from  the  Almanac  three  places  of  the  moon  preceding 
and  three  places  following  the  proposed  time,  and  find  their  dif- 
ferences as  in  the  following  table : 


Date.        1         R  A. 

1       lat  DiflT. 

SdDlir. 

3dDiff. 

4th  Diff. 

ftth  DiflT. 

*. 

k.  m.      s. 

m.       s. 

«. 

s. 

,  *. 

«. 

July  9,   0 

3  20  56.61 

+26     5.41 

- 

13 

3  47    2.02 

+26  32.98 

+27.57 

-1.89 

•*  10,    0 

4  13  35.00 

+26  58.66 

+25.68 

-4.08 

-2.19 

-0.06 

12 

4  40  33.66 

+27  20Ji6 

+21.60 

-6.33 

-2.25 

"  11,    0 

5    7  53.92 

+27  35.53 

+  15.27 

" 

12 

5  35  29.45 

■ 

For  July  10,  at  Oh.,  which  is  the  date  next  preceding  the  one 
proposed,  we  find 

ao=4h.  13m.  35.00s.;  6= 26m.  58.66s. 
Co=21.60s.;  c,=25.68s.;  vc=i(co+0=23.64s. 
rf=  -  4.08s. ;  /=  -  0.06s. 
c,=  -2.25s. ;  e,,=  -2.19s. ;  v c=i(^,+0=  -2.22s. 

The  difference  between  the  proposed  time  and  July  10  at  Oh. 
is  8h.,  which  is  two  thirds  of  the  interval  between  the  dates  in 
the  table.    Therefore  we  have 

Bb=     f (26m.  58.66s.)    =    +  17m.  59.107s. 
Cc=-i(23.64s.)  = 

Drf= -.00617 X  -4.08s.= 
Ec=  +  .02057x  -252s.= 
F/=  +  .00069  X  -  0.06s.  = 


2.627s. 

+-  .02*. 

-  .046s. 

.000s. 


B6+Cc+Drf+Ec+F/=    +- 17m.  56.46s. 

Oo=4h.  13m.  35.00s. 


Moon's  R.  A.  at  8h.=4h.  31m.  31.46s. 
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(224.)  Most  of  the  nmnben  in  the  Nautical  Almanan  ere  con- 
puted  for  intervals  of  either  12  or  24  hours.  The  ri^  aaoeo- 
sion  of  the  moon's  bright  limb  is  given  for  both  the  upper  tod 
lower  culminations^  that  is,  for  intervals  of  12  hours  of  longi- 
tude. If  we  wish  to  interpolate  for  any  other  meridian,  we  nuut 
consider  12  hours  as  the  unit  of  time,  and  it  is  desirable  to  hftn 
the  coefficients  computed  for  convenient  fractions  of  12  boon. 
When  the  computation  is  performed  by  logarithms,  it  is  oon- 
venient  to  have  the  logarithmic  coefficients  arranged  in  a  taUr. 
This  has  accordingly  been  done  in  Table  XXIV.,  which  fninidi- 
es  the  logarithms  of  Bessel's  coefficients  for  eveiy  five  minnto 
throughout  12  hours.  If  the  numbers  between  whioh  we  ink 
to  interpolate  are  given  for  intervals  of  24  hours,  as  the  son's 
places  in  the  Nautical  Almanac,  wo  may  avail  ourselves  of  the 
same  table  of  coefficients  by  simply  doubling  each  of  the  nun* 
bers  in  column  first.  Thus,  when  the  interval  is  12  hours,  the 
coefficients  for  an  argument  of  one  hour  will  be  the  same  as  bt 
an  argument  of  two  hotirs  when  the  interval  is  24  hours. 

The  preceding  example  is  most  conveniently  solved  by  the  oae 
of  these  coefficients.  Taking  the  logarithms  of  the  coefficients 
B,  C,  D,  E,  and  F  from  the  table,  and  the  logarithms  of  6,  r,  d^ 
Cf  and/ as  given  on  the  preceding  page,  we  have 

log.  B= 9.8239087;  log.  C=9.04576ii;  log.  D=7.79ai8ji; 
log.  &=3.2091556     log.  c=:  1.37365       log.  rf=0.6106fti 
3.0330643  0.41941»  8.40114 

Nat.  num.  + 1079.1078.  ^  2.627s.  +  O.Q25s. 

log.  E =8.31336 ;  log.  F= 6.83624 
log.  c=0.34635»  log. /=  8.77815/1 
8.65971/*  5.61439/* 

Nat.  mini.  -  0.046s.  .000 

Adding  to  log.  R,  log.  C,  etc.,  the  factors  log.  6,  log.  c,  etc, 
wo  obtain  for  the  ^«cvc^al  corrections 

Bb    =-f  17m.  59.107s. 
Cc    =  -2.627s. 

Dd    =  +  0.025s. 

Ec    =  -0.046s. 

F/'    =  0.000s. 

Sum  =  -f  17nT^  5().46s. 
the  same  as  found  on  ])ago  207. 
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If  we  neglect  the  third  and  foUowing  differences^-that  is,  if  wb 
sappose  the  second  differences  constant,  formula  C  becomes 

We  accordingly  take  from  the  Nautical  Almanac  four  conseo- 
Qtive  arcs,  such  that  the  arc  sought  may  fall  between  the  two 
middle  cmes,  and  for  the  second  difference  we  employ  the  mean 
of  the  two  second  differences  thus  obtained. 

In  the  example  on  page  207,  if  we  regard  only  first  and  sec- 
ond differences,  we  shall  obtain  the  moon's  right  ascension, 

4h.  31m.  31.48s. 
instead  of  4h.  31m.  31.46s. 

The  error  arising  from  neglecting  the  third  and  following  dif- 
ferences amounts,  therefore,  only  to  0.02s. 

Problem. 

(225.)  To  find  the  time  of  conjunction  or  opposition  of  the 
moon  with  the  sun. 

The  right  ascension  of  the  moon  is  given  in  the  Nautical  Al- 
manac for  every  hour  of  the  day,  and  the  right  ascension  of  the 
son  is  given  for  noon  of  each  day.  An  inspection  of  these  col- 
umns will  readily  show  between  what  hours  conjunction  or  op- 
position takes  place.  Take  out  four  successive  right  ascensions 
of  the  moon,  such  that  the  phase  sought  shall  fall  between  the 
second  and  third  of  the  hours,  and  find  by  interpolation  the  cor- 
responding right  ascension  of  the  sun.  For  each  hour  subtract 
the  right  ascension  of  the  sun  from  that  of  the  moon ;  the  dif- 
ferences will  represent  the  distances  of  the  moon  from  the  sun. 
Then,  if  only  an  approximate  result  is  desired,  we  may  determ- 
ine by  a  simple  proportion  when  the  difference  of  right  ascension 
amounts  to  zero,  or  twelve  hours.  But  if  a  more  accurate  result 
is  desired,  we  must  take  account  of  the  second  differences. 

Example, 

Required  the  Washington  mean  time  of  opposition  in  right 
ascension  of  the  sun  and  moon,  October  24,  1855. 

We  readily  discover  by  an  inspection  of  the  ephemeris  that 
opposition  takes  place  between  19h.  and  20h.,  Greenwich  time. 
Wo  then  take  from  the  Nautical  Almanac  the  right  ascension  of 
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the  sun  and  moon  for  four  sacoessiye  hoars,  and  find  their  difler- 
enoes,  neglecting  the  12  hours,  as  follows : 


Due. 

8an*8  R.  A. 

Moon*!  R.  A. 

Moon— Sob.    |      iMDiO:      i  MM:  | 

k. 

A.              tfl*                         9m 

k.     m.        t. 

m.        *. 

m.       «. 

»  ! 

18 

13  56  30.45 

1  53  48.67 

-2  41.78 

+2  3.78 

19 

13  56  40.01 

1  56    2.01 

-    38.00 

+2  3.94 

+016 

20 

13  56  49.57 

1  58  15.51 

+1  25.94 

+2  4.09 

+015 

21 

13  56  59.13 

2    0  29.16 

+3  30.03 

If  we  neglect  the  second  differences,  the  time  of  oppositkn 
may  be  found  by  the  proportion 

2m.  3.94s. :  3600s. ::  38.00s. :  18m.  23.8s. ; 
that  is,  opposition  takes  place  at  19h.  18m.  23.8s.,  and  this  » 
suit  is  within  half  a  second  of  the  trutL    If  greater  aocnracyii 
required,  we  must  take  account  of  the  second  differences,  wluck 
may  be  done  as  follows : 

In  the  formula  of  interpolation,  page  206, 

a<*>=ao+^6+^^^^^+,  etc., 

At 

t  must  be  regarded  as  the  unknown  quantify,  aU  the  others  beng 
known. 

Developing  this  formula,  we  have 


2  •  2 


or 


p(») 


-.«=<»-i+i) 


Now  the  approximate  value  of  /  is 
this  value  above,  we  obtain 

t= — 


a^'^-ao 


SabstitatiDg 


a^'^'-a, 


*-2+2-r- 


which  is  a  more  accurate  value  of  t.  In  the  present  case  o^'be* 
comes  zero,  because  we  wish  to  determine  when  the  difierenoo 
of  right  ascension  between  the  sun  and  moon  is  zero  (neglecting 
the  12  hours) ;  hence  we  have 


/= 


2    2    6 
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where  we  must  be  careful  to  preserve  the  proper  sign  of  each 
term. 

Substitatiiig  the  values  of  these  letters,  we  have 

38.00  ^  38.00 

123.94  -  .08 + .03  "  123.89* 
wiiero  t  is  expressed  in  parts  of  an  hour. 

Multiplying  by  3600  to  reduce  the  result  to  seconds,  we  ob- 
tain 1104.2s.,  or  18m.  24.2s. ;  whence  the  corrected  time  of  op- 
position is 

19h.  18m.  24.2s.  Greenwich  mean  time, 
or  14h.  10m.  13.0s.  Washington  mean  time. 

Problem. 

(226.)  To  find  the  hourly  motion  of  the  moon  in  right  as* 
tension^  etc. 

The  moon's  hourly  motion  may  be  found  very  nearly  by  tak- 
ing the  difference  between  two  successive  numbers  in  the  Nau- 
tical Almanac,  the  one  before  and  the  other  after  the  time  fox 
which  the  hourly  motion  is  wanted.  If  the  proposed  instant 
does  not  fiedl  midway  between  the  two  dates  in  the  Almanac,  we 
most  apply  a  correction  by  taking  a  proportional  part  of  the  seo- 
ixid  difference. 

Example  !• 

Required  the  moon's  hourly  motion  in  right  ascension,  Octo- 
ber 24,  1855,  at  19h.  18m.  24.2s.,  Greenwich  mean  time. 
We  take  from  the  Nautical  Almanac  the  following  numbers : 


Date. 

Moon*8  R.  A. 

iMDur. 

MDiC 

*. 

h.    m.          • 

m.        *. 

*. 

18 

1  53  48.67 

+2  13,34 

■ 

19 

1  56    2.01 

+2  13.50 

+0,16 

20 

1  58  15.51 

The  change  of  the  moon's  right  ascension  from  18h.  to  19h. 
is  2m.  13.34s.,  which  may  be  regarded  as  the  hourly  motion  for 
18h.  30m.  In  the  same  manner,  the  hourly  motion  for  19h.  30m. 
is  2m.  13.50s.  In  order  to  obtain  the  hourly  motion  for  19h. 
18m.  24.2s.,  we  state  the  proportion 

6Qm. :  0.16s. ::  48m.  24.2s. :  O.lSs., 
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which,  being  added  to  2m.  13.34s.,  gives  the  hourly  motion  far 
19h.  18m.  24.2s.,  equal  to  2m.  13.47s.  in  time,  or  33'  22"i>5 
in  arc. 

In  calculating  eclipses,  it  is  necessary  to  know  the  hourly  mo- 
tion of  the  moon  from  the  sun.  This  is  obtained  by  finding  the 
sun's  hourly  motion  in  the  manner  already  explained,  and  sdb- 
tracting  it  from  the  moon's  hourly  motion.  Thus,  if  the  sim'i 
hourly  motion,  October  24,  was  9.56s.,  then  the  hourly  mokki 
of  the  moon  from  the  sun  was  2m.  13.47s.— 9.56s. = 2m.  3.91s. 
in  time,  or  30"  58^^65  in  arc. 

(227.)  The  preceding  method  is  slightly  inaccurate  in  prinoi- 
ple,  and  when  the  interval  between  the  moon's  {daces  amomb 
to  12  hours,  the  error  can  not  be  neglected.  An  accurate  fam- 
ula  for  the  hourly  motion  may  be  obtained  by  differentittiog 
equation  D,  page  206.     We  thus  find 

dt         ^^2^^      2.3        ^        2.3.4        ""^^^ 

If  the  moon's  places  are  given  for  intervals  of  12  hours,  lad 
we  assume  successively  ^=0,  =1'^,  =-^9  etc.,  we  shall  oUui 
the  hourly  motion  corresponding  to  each  hour  of  the  interval  fir 
which  b,  Cy  dy  etc.,  are  computed.  If  we  wish  the  hourly  motki 
for  the  instant  midway  between  two  values  of  6,  we  must  mib 
^  =  ^  ;  in  which  case  the  above  coefficient  of  c  becomes  0, 


(( 


(( 


and  we  have  the  hourly  motion  equal  to 


e       "        0, 


X'-fi) 


where  b  and  d  represent  the  first  and  third  differences  oo^^ 
spending  to  the  instant  for  which  the  hourly  motion  is  required. 
Ex.  2.  Required  the  variation  of  the  moon's  right  asoenfloo 
in  one  hour  of  longitude  for  the  instant  of  the  Greenwich  liifr 
sit,  January  5,  1854,  firom  the  foUowing  data : 
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Date. 

Moon's  R.  A. 

iM  Dur. 

SdDiff. 

3dDUr. 

k.      m.          s. 

m.          *. 

9. 

*. 

January  4,  U.  T. 

23  65  36,86 

24  21.19 

* 

«           L.  T. 

0  19  58.05 

23  49.13 

-32.06 

+9.68 

«'       5,  U.  T, 

0  43  47.18 

23  26.75 

-22.38 

+9.23 

"          L.  T. 

1    7  13.93 

23  13.60 

-13.15 

"       6,  U.  T. 

1  30  27.53 

• 

The  difference,  23m.  49.13s.,  corresponds  to  the  mstant  mid- 
way between  the  lower  transit,  Jannary  4th,  and  the  upper  tran- 
sit, Jannary  5th.  By  interpolation  in  the  usual  manner,  we 
find  the  first  difference  corresponding  to  the  upper  transit,  Jan- 
tutry  5th,  to  be 

6= 23m.  36.76s., 
and  the  third  difference  for  the  same  instant  is 

rf=+ 9.45s. 
Subtracting  -^th  of  d  from  6,  we  have 

23m.  36.37s., 
which,  divided  by  12,  gives 

U8.03s., 
which  is  the  motion  in  right  ascension  for  one  hour  of  longitude, 
corresponding  to  the  instant  of  Greenwich  transit,  January  5th. 

Problem. 

(228.)  Two  hour  circles^  PA,  PB,  make  with  each  other  a 
small  angle  at  P,  and  from  any  point.  A,  in  one  of  them,  an 
arcy  AC,  of  a  great  circle  is  let  fall  perpendicularly  on  the 
other  ;  it  is  required  to  find  the  difference  of  decli^  .pj 
nation  of  the  points  A  and  C. 

Let  P  be  the  pole  of  the  earth,  AB  a  parallel  of  dec- 
lination, and  AC  an  arc  of  a  great  circle  perpendicu- 
lar to  PB. 
Then,  in  the  triangle  APC, 

R.  COS.  APC = tang.  PC  cot.  PA, 

cot.  PA 


or 


cot.  PC  = 


COS.  APC* 


If  we  put  d=the  declination  of  the  point  A,  d^=the  £ 
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decimation  of  the  point  C,  and  a  the  difference  of  ri^t  asoenskn 
of  A  and  C,  we  shall  have 

tang.  rf'=^Eii^ (1) 

COS.  a 

from  which  the  declination  of  the  point  C  may  be  compoted; 

but  the  computation  requires  a  taUe  of  tangents  extending  to 

single  seconds,  and  seven  places  of  decimals.    We  may  obtain 

a  more  convenient  formula  as  follows : 

By  Trig.,  Art.  77, 

tang.  (a-6)^J^?Bil^=*?^. 
^  ^     V    1+tang.  atang.A 

tang.  6 


Hence         tang.  (<J'— d)=- 


tang.  6 


^  ^  tang.M 
cos.  a 
_tang.  d  (1  —  008.  a) 
""  008.  a+tang.^  6 
Since  a  is  supposed  to  be  a  small  arc,  we  will  pat  cos.  a  in  Ab 
denominator  equal  to  unity,  and  it  becomes 

tang.  (<J'_d)=^??il^%:^=tang.  d  oo8.«  d(l-oo8.  «) 

sec.^  d  ' 

But     tang.  6  cos?  d=sin.  6  cos.  d= — ^ — ,  by  Trig.,  Art  73. 

And  by  Trig.,  Art.  74, 

1— COS.  a=2  sin.^  Ja. 
Hence  tang.  (<J^— d)=sin.  2d  sin.^  Jo. 

If  we  suppose  a  to  be  expressed  in  minutes,  and  6^—6  in  8B^ 
onds,  we  may  put 

tang.  (d^-.d)=(d'-d)  sin.  1'^ 

and  «»•  H = 5  sin.  V  =  a(30  sin.  V'). 

Hence,  by  substitution,  we  obtain 

d'-d=a*(900  8in.  1'^  sin.  2d) (2) 

Example,  Suppose  d=29°,  and  a=90' ;  it  is  required  to  find 
the  value  of  d^—d. 

Solution,— By  formula  (1),      tang.  29°  =  9.7437520 

cos.  90^=9.9998512 
tang.  290  O'  30''.0=9.7439008 
Therefim  d'-d=30''.0. 
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By  fonnula  (2),  900=2.9542 

sin.  1^^=4.6856 
sin.  58^=9.9284 
90^=3.9085 
<r-(J=30^^0= 1.4767 
In  this  manner  was  oompated  Table  XYIII.     It  will  be  ob- 
served that  the  declination  of  the  point  C  is  always  greater  than 
that  of  A,  whether  it  be  north  or  south  of  the  equator.     This 
oorreotion  is  applied  to  the  moon's  declination  in  computing 
edipses  and  occultations. 

CATALOGUES  OF  THE  FIXED  STARS. 

(229.)  The  first  individual  who  constructed  a  catalogue  of  the 
stars  was  Hipparchus,  who  flourished  between  160  and  135 
years  B.C.  This  catalogue  contains  the  longitude  and  latitude 
of  1028  stars,  and  is  preserved  in  Ptolemy's  Almagest. 

The  next  catalogue  of  stars  is  that  of  the  Tartar  prince  XJlugh 
Beigfa.  This  catalogue  contains  the  places  of  1019  stars,  de- 
rived from  observations  made  at  Samarcand.  •  The  epoch  is  the 
year  1437  A.D. 

The  next  catalogue  is  that  of  Tycho  Brahe,  containing  the 
places  of  777  stars,  for  the  year  1600.  Kepler  subsequently  en- 
larged this  catalogue,  from  Tycho  Brahe's  observations,  to  1005 
stars,  and  published  it  in  the  year  1627. 

Halley's  catalogue  of  southem  stars  contains  the  places  of  341 
stars,  derived  from  observations  made  at  St.  Helena.  The  epoch 
is  1677.  This  was  the  first  catalogue  constructed  from  obser- 
vations made  by  the  use  of  telescopic  sights. 

The  catalogue  of  Hevelius  contained  1564  stars,  and  was  pub- 
lished in  1690.     The  epoch  is  1660. 

Flamsteed's  British  Catalogue  vraa  published  in  1725.  It 
oontains  the  places  of  2935  stars,  reduced  to  the  year  1689. 

The  observations  made  by  Bradley  between  the  years  1750 
and  1762  were  published  by  Bessel  in  1818.  The  number  of 
stars  in  this  catalogue  is  3112.     The  epoch  is  1750. 

Laoaille's  catalogue  of  stars  in  the  southem  hemisphere,'  ob- 
served at  the  Cape  of  Good  Hope,  contains  9766  stars,  reduced 
to  tiie  year  1750.  This  catalogue  was  printed  in  1845  at  the 
expense  of  the  British  government 
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Mayer  is  the  author  of  a  catalogae  of  998  zodiaoal  stars,  polh 
lished  in  1775. 

(230.)  Toward  the  close  of  the  last  centary  M.  L.  Lalaode, 
at  Paris,  undertook  to  determine  the  positions  of  all  the  stais  in 
the  northern  hemisphere  down  to  the  ninth  magnitude.  Then 
observations  have  recently  been  reduced  at  the  expense  of  dtt 
British  Association,  and  were  published  in  1847.  This  catakgoe 
contains  the  places  of  47,390  stars,  reduced  to  the  year  1800L 

In  1814  Piazzi  published  a  catalogue  of  7646  stars,  from  ob- 
servations made  at  Palermo  from  1792  to  1813.  This  was  tliB 
most  important  catalogue  of  stars  hitherto  published.  Eveiy 
star  was  observed  several  times,  and  a  mean  of  all  the  resohi 
taken  as  the  final  place  of  the  star. 

In  1806  De  Zach  published  a  catalogue  of  1830  zodiacal  stu% 
from  observations  made  by  him  at  Seeberg,  in  Saxe  Gotha. 

In  1838  was  published  Groombridge's  catalogue  of  4243  m- 
cumpolar  stars,  reduced  to  the  year  1810.  It  contains  the  plaM 
of  all  the  stars  down  to  the  eighth  magnitude,  situated  widutt 
50^  of  the  north  pole,  derived  from  observations  made  between 
the  years  1806  and  1816. 

In  1821  Bessel  commenced  observations  of  all  the  stars  down 
to  the  ninth  magnitude,  comprehended  between  the  paralleb  of 
15^  south  declination  and  45^  north  declination.  This  woik 
was  completed  in  1833,  and  contained  about  75,000  observi- 
tions.  Professor  Weisse  has  published  a  catalogue  of  31,895 
stars,  reduced  to  the  year  1825,  containing  all  the  stars  observed 
by  Bessel  within  the  region  extending  15^  on  each  side  of  the 
equator.  Professor  Weisse  is  at  present  engaged  in  reducing 
the  remaining  observations  of  Bessel. 

Argelander  has  observed  in  a  similar  manner  all  the  stais  is* 
eluded  between  45°  and  80°  of  north  declination.  These  oIh 
servations  were  commenced  in  1841,  and  were  finished  in  1844 
The  number  of  stars  is  about  22,000.  Argelander  has  receatlj 
completed  a  similar  survey  of  the  heavens  between  15°  and  31^ 
of  south  declination,  containing  17,600  stars. 

In  1821  Sir  Thomas  Brisbane  erected  an  observatory  at  Fto- 
amatta,  in  New  South  Wales,  and  in  1835  published  a  catakigiie 
of  7385  stars,  chiefly  in  the  southern  hemisphere,  founded  opoB 
observations  made  at  his  establishment 
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In  1844  was  published  Taylor's  catalogue  of  11,015  stars, 
founded  on  observations  made  at  Madras  during  the  years 
1822  to  1843. 

(231.)  In  1849  was  published  a  catalogue  of  2156  stars, 
formed  from  the  observations  made  during  12  years,  from  1836 
to  1847,  at  the  Royal  Observatory,  Greenwich. 

Professor  Rumker  has  recently  completed  a  catalogue  of  more 
than  12,000  stars,  observed  since  1836,  with  the  meridian  circle 
of  the  Hamburg  Observatory.  The  chief  object  in  preparing 
this  catalogue  was  to  supply  the  deficiencies  in  the  Histoire  Ce- 
lest^  and  Bessel's  Zones,  rather  than  to  supersede  the  catalogues 
previously  existing. 

Since  1838,  Mr.  Johnson,  director  of  the  Radcliffe  Observa- 
toiy,  Oxford,  has  been  engaged  in  reobserving  the  circumpolar 
stars  of  Groombridge's  catalogue.  This  work  is  nearly  com- 
pleted, and  will  embrace  about  2000  stars  more  than  are  con- 
tained in  Groombridge's  catalogue. 

Lieutenant  Gilliss,  director  of  the  United  States  astronomical 
expedition  to  Chili  in  1849,  undertook  to  construct  a  catalogue 
of  all  ihe  stars  down  to  the  eighth  magnitude,  situated  within 
60°  of  the  south  pole.  The  time  to  which  the  expedition  was 
limited  having  expired  in  1852,  this  plan  could  not  be  carried 
fiilly  into  execution ;  but  observations  were  obtained  of  nearly 
90|000  stars  within  the  25°  surrounding  the  pole. 

The  catalogue  published  by  the  British  Association  in  1845 
contains  the  places  of  8377  stars,  reduced  to  1850,  derived  from 
the  best  authorities,  and  furnishes  the  constants  for  deducing 
ttie  apparent  from  the  mean  places  with  the  greatest  facility. 
This  is  the  most  valuable  catalogue  for  general  use  which  has 
yet  been  published. 

In  1852,  Professor  Struve,  of  St.  Petersburgh,  published  a  cat- 
alogue giving  the  places  of  2874  stars  for  the  year  1830,  being 
chiedy  double  stars  observed  at  Dorpat  from  1832  to  1843. 

The  catalogue  appended  to  this  volume  contains  the  mean 
[daoes  of  all  stars  as  large  as  the  fifth  magnitude,  reduced  to 
the  year  1850.  The  mean  places  of  such  as  were  found  in 
Airy's  twelve-year  catalogue  were  taken  from  that  catalogue ; 
the  others  were  taken  from  the  catalogue  of  the  British  Asso- 
ciation, which  also  famished  the  constants  for  reduction* 
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Determination  of  the  apparent  places  of  the  fixed  stars. 
(232.)  Tfae  po^ti(»is  of  the  stars  given  in  the  catakgnes  an 
called  their  mean  places ;  and  as  these  places  vary  from  jon 
to  year  in  conseqaence  of  precessioni  the  epoch  for  which  Ab 
places  are  given  shoold  always  be  stated.  In  the  accompiBj* 
ing  catalogue,  the  mean  places  of  the  stars  are  given  for  Jam* 
ary  1,  1350.  In  oar  observations,  however,  we  do  not  find  Ae 
stars  in  the  positions  here  given ;  bat  their  places  are  altered  lij 
the  amount  of  their  precession  since  January  1,  1850,  and  am 
also  aflfected  by  aberration  and  nutation.  The  mean  pliM 
must  therefore  be  reduced  to  the  apparent  before  they  can  lie 
compared  with  observation. 

The  algebraic  expressions  for  these  corrections  have  been  i^ 
duced  by  Bessel  to  the  following  form : 

Correction  in  R.  A.=Aa+BA+Cc+Drf; 
Correction  in  N.  P.  J).=Aa'+Bl/+Cc'+J)d'; 
where  A  =  - 18^^732  cos.  O , 
B= -20^^420  sin.  O, 

<3=/-0.025  sin.  2o  -0.343  sm.  SI  +0.004  sin.  2A, 
D  =  -  0^^545  cos.  2  O  -  9''.250  cos.  ft  +  0".090  cos.  8fl, 

o=+cos.  a  sec.  d, 
6=+ sin.  a  sec.  d, 

c=+3.0706s.+ 1.3370s.  sin.  a  tang,  d, 
d=  +COS.  a  tang,  d, 
o'=  —tang.  0}  cos.  d+sin.  a  sin.  d, 
6''=— cos.  a  sin.  d, 
c^= -20^^055  cos.  a, 
rf^=+sin.  a.  • 

Also, 

^=the  time  from  the  beginning  of  the  year,  expreswd 
in  fractional  parts  of  a  year. 
O  =the  sun's  true  longitude, 

ft  =the  mean  longitude  of  the  moon's  ascending  node, 
a=the  mean  right  ascension  of  the  star, 
d=the  mean  declination  of  the  star, 
w=the  obliquity  of  the  ecliptic. 
The  factors  A,  B,  C,  D  are  independent  of  the  star's  phoeSi 
and  are  the  same  for  all  the  stars,  but  vary  wifh  the  time- 
They  are  given  for  every  day  of  the  year  in  the  English  Nath 
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tical  Almanac,  on  page  22  of  each  month,  and  on  pages  223-^ 
of  the  American  Naatioal  Ahnanac  for  1855.  The  factors  a,  b, 
c,  dj  a\  l/^  cf^  df^  depend  only  on  the  places  of  the  stars,  and  are 
aeoflibly  constant  for  a  bng  period  of  years.  They  are  accord- 
ix^y  calculated,  and  their  logarithms  are  entered  opposite  each 
star  in  the  accompanying  catalogue. 

(233.)  In  order  to  obtain  the  correction  to  the  mean  place  of 
a  star,  we  have  only  to  take  from  the  catalogue,  and  opposite 
to  the  given  star,  the  logarithms  of  a,  6,  c,  d^  and  a\  b\  &^  d\ 
with  their  proper  signs ;  and  to  write  down  under  them  respect- 
ively, from  the  Nautical  Almanac,  opposite  the  given  day,  the 
b^arithms  of  A,  B,  C,  D,  with  their  proper  signs,  remembering 
that  the  signs  prefixed  to  the  logarithms  affect  only  the  natural 
numbers.  We  then  add  each  pair  together,  and  find  the  nat- 
ural number  corresponding  to  the  sum.  The  sum  of  the  four 
natural  numbers  thus  obtained  (regard  being  had  to  their  signs) 
vdll  be  the  total  correction  required  in  right  ascension  and  polar 
distance  on  the  given  day.  This  correction,  applied  to  the  mean 
place  of  the  star  at  the  beginning  of  the  year,  will  give  the  ap- 
parent place  of  the  star  on  the  day  required. 

The  mean  right  ascension  and  polar  distance  for  the  epoch  of 
the  catalogue  is  reduced  to  that  pf  the  current  year,  by  adding 
as  many  times  the  annual  precession  in  right  ascension  and 
polar  distance  as  the  number  of  whole  years  elapsed  since  the 
given  epoch. 

Example,  Required  the  apparent  right  ascension  and  north 
pdar  distance  of  y  Orionis,  on  February  5,  1855,  for  midnight, 
at  Washington, 
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m. 


Mean  R.  A.,  Janu- 
ary 1,  1850  ...  5  17    5.31 

5  years'  precession 
and  proper  motion        +16.10 

Mean  R.  A.,  Janu- 
ary  1,1855  .  .  .  5  17  21.41 


a 

A 

Aa 

b 

B 

B6 

c 
C 

Cc 
d 
D 

Dd 


LogarithiM.  Nat.  Not. 

+8.0963 

-1.1366  , 

-9.2329        -0.171 

+a8i88 

+  1.1451 

+9.9639        +0.920 

+0.5070 
-9.0952 
-9.6022        -0.400 

+7.1304 
-0.7954 
-7.9258        -0.008 


Mean  P.  D.,  Janu- 
ary 1, 1860  ...  83  47  27.7 

5  ye€urs'  precession 
and  proper  motion  —18.6 

Mean  P.  D.,  Janu- 
ary 1, 1855  .  .  .  83  47    9.1 

Lofarithnw.  Ntt.  K«. 

-9.6120 
-1.1366 
+0.6486        +4.458 

-8.3039 
+  1.1451 
-9.4490        -OJ281 

-0.5721 
-9.0952 
+9.6673        +0.465 

+9.9923 
-0.7954 
-0.7877        -6.134 


a' 
A 
Ao' 
6' 
B 

C 
CC 

d' 

D 

Drf' 


Correction  of  P.  D. = — 1.498 


Correction  of  R.  A. = +  0.341 

Hence  the  apparent  right  ascension  of  y  Orionis, 

=5L  17m.  21.41s. + 0.348. =5h.  17m.  21.758.; 
and  the  apparent  north  polar  distance, 

=83°  47'  9'M-l".5=83o  47'  7".6. 
The  mean  right  ascension  on  the  1st  of  January  of  the  jeir 
of  observation  may  be  found  by  applying  to  the  apparent  ob- 
served right  ascension  the  above  correction  with  the  ccmtniy 
sign. 

DIURNAL    ABERRATION    OF    LIGHT. 

(234.)  The  diurnal  aberration  of  light  is  a  phenomenon  resoK- 
ing  from  the  movement  of  light,  combined  with  the  rotaticm  of 
the  earth  on  its  axis ;  and  it  differs  from  the  annual  aberratioo 
merely  in  consequence  of  the  difference  between  the  velocity  of 
the  earth  on  its  axis,  and  its  velocity  in  its  orbit. 

The  velocity  of  rotation  of  a  point  on  the  equator  is  to  the  Te- 
locity of  the  earth  in  its  orbit  as  1  to  65.82 ;  and,  since  the  an* 
nual  aberration  is  20^^445,  the  diurnal  aberration  will  be 


Equations  op  Condition.  221 

(^'.3107  in  arc, 
or  0.0207s.  in  sidereal  time. 

(235.)  This  is  the  diurnal  aberration  of  a  star  on  the  equator 
for  a  place  situated  on  the  equator ;  but  for  a  place  in  latitude 
0,  the  circle  of  diurnal  rotation  being  less  than  at  the  equator, 
in  the  ratio  of  radius  to  the  cosine  of  the  latitude,  the  aberration 
-will  be  equal  to 

0.0207s.  COS.  <l>. 
If  the  star  be  not  in  the  equator,  this  expression  denotes  only 
the  aberration  oa  the  parallel  of  the  star's  declination ;  and  in 
order  to  reduce  it  to  the  celestial  equator,  or  to  the  value  of  the 
aberration  in  ri^t  ascension,  it  must  be  multiplied  by  the  se- 
cant of  the  star's  declination.  Hence,  if  ^  denote  the  latitude 
of  the  place,  and  6  the  declination  of  the  star,  then  the  correction 
in  time  for  the  upper  transit,  on  account  of  daily  aberration,  is 

+ 0.0207s.  COS.  ^  sec.  d; 
and  for  the  lower  transit, 

—0.0207s.  COS.  <l>  sec.  d. 

METHOD   OF   SOLVING   EQUATIONS   OF    CONDITION. 

(236.)  In  astronomical  researches  it  is  frequently  required  to 
determine  tiie  values  of  several  quantities  from  a  large  number 
of  simple  equations,  which  are  called  equations  of  condition  ; 
and  when  the  number  of  independent  equations  is  greater  than 
the  number  of  unknown  quantities,  these  equations  can  not  be 
perfectiy  satisfied,  and  we  can  only  obtain  more  or  less  probable 
Talaes  of  the  unknown  quantities.  The  given  equations  may 
be  combined  in  a  variety  of  ways,  and  each  mode  of  combina- 
tion will  furnish  different  values  of  the  unknown  quantities. 
Hence  it  is  a  question  of  the  highest  importance  to  determine 
in  what  manner  these  equations  should  be  combined,  so  as  to 
famish  the  most  probable  values  of  the  unknown  quantities. 
Thus,  for  example,  if  our  observations  have  furnished  the  four 
equations, 

re-  f/+2z=S (1) 

3x+2y-5z=5 (2) 

4x+  y+4z=21 (3) 

-a;+3y+3z=14. (4) 

and  it  is  required  to  find  the  values  of  x^  y,  and  2r,  we  may  pur- 
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8ue  various  methods,  and  we  shall  obtain  yarioos  lesoltB  fat 
these  quantities. 

(237.)  A  method  frequently  practioed  oonsists  in  rendering 
the  coefficients  of  one  of  the  unknown  quantities,  as  Xy  positiie  in 
all  the  equations,  and  then,  by  adding  all  the  equations  tog^her, 
obtaining  a  new  equation,  in  which  the  coefficient  of  x  is  Ab 
greatest  possible.  In  a  similar  manner,  by  rendering  tho  €» 
efficients  of  p  positive  in  all  the  equations,  and  then  adding  all 
the  equations  together,  we  obtain  a  new  equation,  in  which  the 
coefficient  of  y  is  the  greatest  possible.  Proceeding  in,  the  nme 
manner  with  each  of  the  other  unknown  quantities,  we  Jul 
have  as  many  new  equations  as  there  are  unknown  quantiftia^ 
and  these  equations  may  be  readily  solved  by  the  cnrdinary  mki 
of  algebra.  Thus,  by  changing  the  signs  of  all  the  tenns  m 
equation  (4),  and  adding  the  equations  together,  we  obtain 

9x-y-2;r=15 (5) 

Changing  the  signs  in  equation  (1),  we  obtain,  in  the  mm 
manner, 

5x+7y=27 (6) 

Changing  the  signs  in  equation  (2),  we  obtain,  in  a  similar 
manner, 

x+p+Uz=:3S (7) 

From  equations  (5),  (6),  and  (7),  by  the  usual  method  of  eliii^ 
ination,  we  obtain  the  values 

a:=2.4863;  y=3.5105;  r=:  1.9289. 

The  method  practiced  by  Tobias  Mayer  consisted  in  oomlaiiiBg 
the  given  equations  by  addition,  subtraction,  etc.,  in  tfach  a  nia» 
ner  that  one  of  the  unknown  quantities,  as  Xj  should  have  a  rtt] 
large  coefficient  in  the  resulting  equation,  and  the  other  unknowa 
quantities  should  have  small  coefficients.  Another  combinatioB 
would  furnish  a  final  equation,  in  which  only  jf  should  have  a 
large  coefficient ;  and  so  for  each  of  the  unknown  quantitiea 

(238.)  Methods  sinular  to  the  preceding  are  frequently  im' 
by  astronomers,  on  account  of  their  convenience ;  but  Legendn 
has  demonstrated  that  the  most  probable  values  of  the  unknowo 
quantities  are  those  which  render  the  sum  of  the  squares  of  all 
the  errors  the  least  possible.  This  method  is  accordingly  called 
ike  method  of  least  sqnares. 

If  we  substitute  in  equation  (1)  the  values  of  x,  jf,  and  9, 
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ftboTO  given,  we  shall  find  that  the  second  member  of  the  equa- 
tion redaces  to  2.8326  instead  of  3,  showing  that  these  values 
do  not  perfectly  satisfy  the  equation.  A  similar  remark  applies 
to  equations  (2),  (3),  and  (4).  If,  then,  we  transpose  all  the 
terms  to  one  member  of  the  equation,  the  sum  of  the  terms  will 
not  reduce  to  zero,  but  will  be  equal  to  a  small  quantity,  e.  If 
tibese  equations  were  deduced  from  observation,  e  may  be  re« 
gaided  as  the  error  of  one  of  the  observations.  The  equations 
may  therefore  be  expressed  under  the  form 

e  =a  +bx  +cy  +dz 
e"  =a'  +b'x  +&y  +dfz 
ef' = a'' + \/'x + cf'y'\-  df'z 
eta  etc. 

There  will  be  as  many  of  these  equations  as  there  are  obser« 
wtioDs.  For  convenience,  let^  us  denote  all  the  terms  of  the 
seoond  members  of  the  equations  which  are  independent  of  x^ 
bjr  K,  H^,  etc.,  and  we  shall  have 

e  =:bx  +M 
e"  =b'x  +W 
e^'^b^'x+W 
etc.      etc. 
Taking  the  sum  of  the  squares  of  these  equations,  we  shall 
have 
e»+e^+e^'H,  etc.=(te+M)2+(i'a;+M0*+(&''a;+M'0*+,  etc. 
(239.)  According  to  the  principle  above  stated,  this  quantity 
must  be  made  a  minimiim,  which  is  done  by  putting  its  first  dif> 
farential  coefficient  equal  to  zero.     If  we  consider  only  the  un- 
knofwn  quantity  Xy  we  shall  have,  after  differentiating  and  di- 
viding by  2fib;, 

0=b(bx+^)+b'(b'x+W)+b''{b''x+W%  etc. ; 
liiat  is,  to  form  the  equation  that  gives  a  minimum  for  any  one 
of  the  unknown  quantities^  as  x,  we  must  multiply  each  equa* 
turn  of  condition  by  the  coefficient  of  x  in  that  equation,  taken 
with  its  proper  sign^  and  put  the  sum  of  all  these  products 
equal  to  zero.  We  must  proceed  in  the  same  manner  for  y,  z, 
etc.,  and  we  shall  obtain  as  many  equations  of  the  first  degree 
as  there  are  unknown  quantities,  whose  values  may  then  be  ob- 
tained by  the  usual  mode  of  elimination. 

To  apply  this  method  to  the  example,  on  page  221,  we  must 
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multiply  equation  (1)  by  1 ;  equation  (2)  by  3 ;  eqaation  (3)  hj 
4  ;  and  equation  (4)  by  —  1,  and  we  shall  obtain 

Z"  y+  22r-  3=0 

9x+6y-15z-15=0 

16a;+4y+16z-84=0 

a;-3y-  3z+14=0 

Putting  the  sum  of  these  equations  equal  to  zeiO|  we  obtaun 

27a;+6y-88=0 (8) 

We  must  now  multiply  equation  (1)  by  —  1 ;  equation  (2)  b? 
2;  equation  (3)  by  1 ;  and  equation  (4)  by  3,  and  we  shall  obtain 

—x+  y-  2z+  3=0 

6a;+4y-103r-10=0 

4a;+  y+  4z— 21=0 

-3a;+93^+  9z-42=0 

Putting  the  sum  of  these  equations  equal  to  zero,  we  obtaii 

6a;+15y+5r-70=0 (9) 

We  must  also  multiply  equation  (1)  by  2 ;  equation  (2)  by— 5: 
equation  (3)  by  4 ;  and  equation  (4)  by  3,  and  we  shall  obtain 

2x-  2y+  Az-  6=0 

-15x-10y+255r+25=0 

16x+  4y+16;r-84=0 

-3x4-  9y+  9c-42=0 

Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

y+54^-107=0 (10) 

By  comparing  equations  (8),  (9),  and  (10)  in  the  usual  mode 
of  elimination,  we  obtain  the  values 

a;=2.4702;  y=3.5509;  z=1.9157. 
If  we  substitute  in  equations  (1),  (2),  (3),  and  (4),  of  page  231. 
the  values  found  in  Art.  237,  we  shall  find  the  errors  of  theK 
several  equations  to  be 

-.1674,  -.1676,  +.1673,  -.1671; 
the  sum  of  whose  squares  is 

0.1120. 
If  wc  substitute  in  the  same  equations  the  values  last  fooA 
we  shall  find  the  errors  of  these  several  equations  to  be 

-.2493,  -.0661,  +.0945,  -.0704; 
the  sum  of  whose  squares  is 

0.0804. 
The  sum  of  the  squares  of  the  errors  resulting  from  emptoj* 
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ing  the  last  obtained  values  of  x,  jr,  and  z,  is  less  than  that  re- 
salting  £rom  the  former  values ;  and  hence,  according  to  the 
principle  of  Legendre,  the  last  values  have  a  greater  prohal&ility 
in  their  favor  than  the  former. 

An  example  of  the  application  of  this  method  will  he  found 
on  page  334. 


EXAMPLES. 


1.  Given  the  moon's  right  ascension,  as  follows : 
1859,  August  26,    Oh.  R.  A.=  7L  43m.    7.05s. 


12 

26,"  0 
12 

27,  0 
12 


8 
8 
9 
9 
10 


14 

44 
14 
42 
10 


12.80 
34.81 
9.29 
56.19 
58.55 


Required  the  moon's  right  ascension  August  26,  at  5h. 

2.  Bequired  the  apparent  right  ascension  and  north  polar  dis- 
tance of  a  Lyrse  (see  page  446)  August  19,  1859. 

3.  Griven  the  equations 

3a;+4y=16, 
6a;-3y=14, 
7a;-6y=17, 
2a;+9y=19, 
to  find  the  most  probable  values  of  x  and  y. 

4.  Bequired  the  mean  time  of  opposition  in  right  ascension 
3f  the  sun  and  moon  Feb.  16,  1859,  from  the  following  data: 


Due. 

San'a 

1  Rif  bt  Aacensioo. 

Moon*8  Right  Atcenilon. 

b. 

h. 

m.             «. 

li.         m.            ■. 

Feb.  16,    21 

22 

1      32.87 

9    58      3.57 

22 

22 

1      42.54 

10      0    21.89 

23 

22 

1      52.21 

10      2    39.85 

24 

22 

2        1.88 

10      4    57.45 

5.  Required  the  hourly  motion  of  the  moon  from  the  sun 
February  16,  1859,  at  22h.  37m.  42s.,  accordiDg  to  the  pre- 
data. 

P 


CHAPTER  X. 

ECLIPSES  OF  THE  MOON. 

(240.)  The  time  of  beginning  or  end  of  a  Itmar  edipoe  it 
any  place  may  be  found  by  adding  its  longit(lde  to  the  timM 
given  in  the  Nautical  ALnanao  for  the  meridian  of  WaahingtoQ 
when  the  longitude  is  east,  or  subtracting  the  longitiide  whet 
it  is  west  The  times  given  in  the  Nautical  Almanac  may  be 
deduced  from  the  right  ascensions,  declinations,  eto.»  of  the  son 
and  moon,  by  the  following  method. 

An  eclipse  of  the  moon  can  only  happen  at  the  time  of  fiiB 
moon.  If  the  moon  at  that  time  is  within  about  12  degrees  of 
one  of  its  nodes,  there  may  be  an  eclipse.  To  find  whether  Ihm 
will  be  one,  and  to  calculate  the  times  and  phases,  proceed  is 
follows : 

(241.)  Find  the  Washington  mean  time  of  opposition  in  rig^ 
ascension  by  the  Nautical  Ahnanac,  in  the  manner  ex[riaiiied 
in  Art.  225.  For  this  time  compute  the  declination,  horiaontal 
parallax,  and  semi-diameter,  botli  of  the  sun  and  moon;  tlm 
the  hourly  motion  of  the  moon  from  the  sun,  both  in  ri^  as* 
cension  and  declination,  as  explained  in  Art.  226. 

Let  C  represent  the  centre  of  the  earth's  shadow  (see  Bgcn 
on  page  opposite),  whose  right  ascension  is  the  same  as  that  of 
the  sun,  increased  by  12  hours,  and  its  declination  is  the  de^ 
lination  of  the  sun,  with  a  contrary  sign.  Let  DCH  be  a  me* 
ridian  passing  through  the  centre  of  the  shadow,  and  ACB  a 
great  circle  perpendicular  to  it.  Select  a  convenient  scale  of 
equal  parts,  and  from  it  take  CGr,  equal  to  the  moon's  dedina^ 
tion,  minus  the  declination  of  the  centre  of  the  shadoWi  anl 
set  it  on  CD,  from  C  to  Gr,  above  the  line  AB,  if  the  centre  of 
the  moon  is  north  of  the  centre  of  the  shadow,  but  below  if 
s^uth.  Take  CO,  equal  to  the  hourly  motion  of  the  mooo  fivn 
the  sun  in  right  ascension,  reduced  to  the  arc  of  a  great  circle, 
and  set  it  on  the  line  CB,  to  the  right  of  C.  Take  CP,  equal 
to  the  moon's  hourly  motion  from  the  sun  in  declination}  and 
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^«t  it'  on  the  line  CD,  from  C  to  P,  above  ihe  line  AB,  if  the 
KQOon  is  moTiDg  noHfaward  with  le^wct  to  the  shadow ;  below, 


if  moving  BonthwanL  Join  the  points  0  end  P.  The  line  OP 
wiH  represent  the  hourly  motion  of  the  moon  from  the  Bun ;  and 
parallel  to  it,  through  G-,  draw  NGL,  which  will  represent  the 
relative  orlat  of  the  moon,  the  earth's  shadow  beii^  supposed 
stationary.  On  this  line  ere  to  be  marked  the  places  of  the 
mooD  beibre  and  after  opposition,  by  means  of  the  hourly  mo- 
tion OP,  in  such  a  maimer  that  the  moment  of  opposition  may 
£dl  exactly  on  the  point  Cr. 

(342.)  The  semi-diameter  of  the  earth's  shadow  is  equal  to 
Om  horizontal  parallax  of  the  moon,  plus  that  of  the  sun,  minus 
ihe  sun's  semi-diameter;  which  result  must  he  increased  by 
'^tb  port,  on  acooant*of  the  earth's  atmosphere.  With  this 
ndius  describe  the  oirole  ADB  about  the  centre  C.  Add  the 
mom's  semi-diameter  to  the  radius  CB,  and  with  this  sum  for 
a  radius,  describe  about  the  centre  C  a  circle,  which,  if  there 
be  an  eohpse,  will  cut  NL  in  two  points,  E  and  H  represeoting 
xeepectively  the  places  of  the  moon's  centre  at  the  beginning 
and  end  of  the  eclipse.  Draw  the  line  CKR  perpendicular  to 
LN,  and  cutting  it  in  K.    The  hours  and  minutes  marked  on 
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the  line  LN,  at  the  points  E,  K,  and  H^  will  represent  respeet* 
ively  the  times  of  the  beginning  of  the  eclipse^  middle  of  the 
eclipse,  and  end  of  the  ecUpse.  If  the  circle  does  not  inteneet 
NL,  there  will  be  no  eclipse.  With  a  radius  equal  to  the  mooo't 
semi-diameter,  describe  a  circle  about  each  of  the  centreSi  E,  H, 
and  E.  If  the  eclipse  is  total,  the  whole  of  the  circle  about  K 
will  fall  within  ARB ;  but  if  part  of  the  circle  fisiUs  without 
ARB,  the  eclipse  will  be  partial.  In  either  case  the  magnitude 
of  the  eclipse  will  be  represented  by  the  ratio  of  the  obscorad 
part,  RI,  to  the  moon's  diameter.  When  the  eclipee  is  totd, 
the  beginning  and  end  of  total  darkness  may  be  found  by  taking 
a  radius  equal  to  CB,  diminished  by  the  moon's  semi-diameter, 
and  describing  with  it,  round  the  centre  C,  a  circle,  cutting  LN 
in  two  points,  representing  respectively  the  points  of  begimung 
and  end  of  total  darkness. 

Example  I. 

(243.)  Required  the  times  of  beginning,  end,  etc.,  of  die 
eclipse  of  the  moon,  October  24,  1855,  at  Washington  Obserr- 
atory. 

By  the  Nautical  Almanac,  the  Washington  mean  time  of  op 
position  in  right  ascension  is,  October  24,  14h.  IQrl  29.6a, 
which  result  differs  somewhat  from  that  found  on  page  211 
(!!orresponding  to  this  time,  the  Nautical  Almanac  furnishes  flu 
following  elements : 

Declination  of  the  moon N.  11  42  26^ 

Declination  of  the  earth's  shadow N.  11  56  48.0 

Moon's  equatorial  horizontal  parallax  ....  59  45.8 

Sun's  horizontal  parallax 0   8.6 

Moon's  semi-diameter 16  19J2 

Sun's  semi-diameter «...  16    7.9 

Moon's  hourly  motion  in  right  ascension  .  .  33  22.1 

Sun's  hourly  motion  in  right  ascension ...  2  23.4 

Hourly  motion  of  moon  in  declination  ...        N.  15  39.8 
Hourly  motion  of  shadow  in  declination   .  .        N.    0  52.1 


The  figure  of  the  earth  being  spheroidal,  that  of  the  shadow 
will  deviate  a  little  from  a  circle,  so  that  to  have  a  mean  !•• 
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dins  the  horizontal  parallax  of  the  moon  should  be  reduced  to  a 
mean  hititude  of  ^°.  This  redootion,  by  Table  XIV.,  is  5".9 ; 
'  so  that  the  moon's  reduced  parallax  is  59'  39"  .9.  Then,  to  ob- 
tain CB,  the  semi-diaraeter  of  the  earth's  shadow,  we  have  59' 


39".9 +8".6- 16'  7".9,  which  ia  equal  to  43'  40".6.  lacreaaing 
this  by  ^th  part  of  itself,  or  43".7,  we  have  44' 24".3  =  CB  ; 
to  which  adding  the  moon's  semi<diameter,  we  obtain  CE  =  60' 
43".S.  From  the  centre  C,  with  a  radius  CB,  taken  from  a  coq- 
Tonient  scale  of  equal  parts,  describe  the  circle  ARB,  represent- 
ing the  earth's  shadow.  Draw  the  line  ACB  to  represent  a  par- 
aUel  to  the  equator,  and  make  CG  perpendicular  to  it,  equal  to 
14'  31".l,  which  is  the  moon's  declination,  minus  the  deolina- 
tioQ  of  the  centre  of  the  shadow ;  the  point  G-  being  t^ken  be- 
low C,  because  the  centre  of  the  moon  is  south  of  the  centre  of 
the  shadow. 

The  hourly  motion  of  the  moon  from  the  sun  in  right  ascen- 
sion is  SC  58",7,  which  most  be  reduced  to  the  arc  of  a  great 
cirole  by  multiplying  it  by  the  cosine  of  the  moon's  declination, 
11<*  42'  26".9,  Art  72,  thus : 

30'  58".7  =  1858".7=3.269209 
cos.  Dec.=  9.990870 

Itedooed  hourly  motion  =  1820".0=3.260079 
Hake  CO  equal  to  1830".0,  and  CF,  perpendicular  to  it,  equal 
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to  14^  M'^n^  which  is  the  hourly  motion  of  the  moon  from  die 
shadow  in  declination,  the  point  P  being  placed  above  C,  became 
the  moon  was  moving  northward  with  respect  to  the  shidot . 
Join  OP ;  and  parallel  to  it,  through  6,  draw  the  line  N6L, 
which  represents  the  path  of  the  moon  with  respect  to  die 
diadow.  On«  NL  let  ffitll  the  perpendicolar  CK.  Now  at  14 
10m.  29.6s.  the  moon's  centre  was  at  G.  To  find  X,  the  plioe 
of  the  moon's  centre  at  14h.,  we  must  institute  the  proportica 

60m. :  10m.  29.6s. : :  OP :  GX ; 
which  distance,  set  on  the  line  GN,  to  the  right  of  G,  readies 
to  the  point  X,  where  the  hour,  14h.  preceding  the  full  moon,  is 
to  be  marked.  Take  the  line  OP,  and  lay  it  from  14h.,  toward 
the  right  hand,  to  13h.,  and  successively  toward  the  left  to  ISL 
16h.,  etc.  Subdivide  these  lines  into  60  equal  parts,  represeot- 
ing  minutes,  if  the  scale  will  permit ;  and  the  times  corresponl* 
ing  to  the  points  E,  K,  and  H  will  rqvesent  respectively  the  be- 
ginning of  the  eclipse,  12h.  36nL ;  the  middle  of  the  eclipse,  !*& 
22m. ;  and  the  end  of  the  eclipse,  16L  Vra. 

If  the  results  obtained  by  this  method  are  not  thought  to  be 
sufficiently  accurate,  we  may  institute  a  rigorous  computation. 

COMPUTATION   OF  ECLIPSE. 

(244.)  The  phases  of  the  ecUpse  may  be  accurately  ***l^'«w»^ 
in  the  following  maimer : 

In  the  right-angled  triangle  OOP,  we  have  given  CO = 1820''JO 
and  CP= 887^^7,  to  find  OP  and  the  an^e  CPO,  thus: 

CP:B::CO:tang.  CPO. 

00  =  1820^.0=3.260079 
CP=  887''.7= 2^948266 
CPO=63o  59^  59"  tang. =0.31 1813 
Also,  sin.  CPO :  R ::  CO :  OP. 

CO=3J260079 
sin.  CP0=SK953659 
OP = 2025 '.0 = 3.306420 
The  angle  CPO  is  equal  to  CGK,  because  GE  and  OP  ut 
parallel.     Then,  in  the  triangle  CGE,  we  have  the  angle  CGE 
=  116^  0^  1";  CG,  the  difference  of  declination  between  the 
moon  and  the  centre  of  the  shadow,  =  14'  2rM  =  861'M  ;"  and 
the  fine  CE=60'  43''.5=3643''.5,  to  find  the  other  parts  of  the 
triangle,  thus : 


Eclipses  op  the  Moon.  331 

CE :  siiL  CGE ::  CG :  sin.  CEG. 

CE  comp.= 6.438481 

sin.  CGE= 9.953659 

eg =2.935054 

CEG=12o  15^  SV'  8in=9.327194 

Therefore  the  angle  ECG=51o  44"  8'^    Then 

sin.  CGE  :  CE ::  sin.  ECG :  EO. 
sin.  CGE  comp.= 0.046341 
CE= 3.561519 
sin.  ECG= 9.894959 
E  G = 3182^^9 = 3.502819 
Then,  to  find  the  time  of  describing  EG,  we  say, 
As  OP  (2025^^0)  is  to  1  hour,  so  is  EG  (3182^^9)  to  the  time 
(5658.5s.)  Ih.  34m.  18.5s.,  between  the  beginning  of  the  eclipse 
and  the  time  of  opposition  in  right  ascension,  14h.  10m.  29.6s., 
which  gives  the  beginning  of  the  eclipse  12h.  36m.  11.1s. 

The  middle  of  the  ecUpse  is  found  by  means  of  the  triangle 
CGK,  which  is  similar  to  GPO,  in  which  the  angles  and  hy- 
pothenuse  are  given  to  find  CK  and  KG.    We  have 
R :  CG  ::m.  CGK :  CK ::  cos.  CGK :  GK. 
sin.  CGK = 9.953659  cos.  CGK = 9.641846 

CG= 2.935054  CG= 2.935054 

CK = 774^^0 = 2.888713  GK = 377^^5 = 2.576900 

To  find  the  time  of  describing  GK,  we  form  the  proportion 
2025^^0 :  3600s. : :  377^^5 :  671.1s.  =  11m.  11.1s. ; 
which  being  added  to  14h.  10m.  29.6s.,  because  the  point  K  falls 
to  liie  left  of  G,  gives  the  time  of  the  middle  of  the  eclipse,  14h. 
21m.  40.7s.  Subtract  the  time  of  beginning,  12h.  36m.  11.1s., 
from  the  time  of  middle,  we  obtain  for  half  the  duration  of  tho 
eclipse  Ih.  45m.  29.6s. ;  which,  added  to  14h.  21m.  40.7s.,  gives 
finr  the  end  of  the  eclipse  16h.  7m.  10.3s. 

Subtracting  CK,  12"  54"".0,  from  CR,  44'  24'^3,  we  have  KR, 
31^  80'^3;  to  which  adding  KI,  16'  19''.2,  we  obtain  RI,  47' 
49^'.5.  Dividing  this  by  the  moon's  diameter,  32'  38".4,  we  ob- 
tain  the  magnitude  of  the  eclipse,  1.465  (the  moon's  diameter 
being  unity) ;  and  the  eclipse  takes  place  on  the  moon's  north 
limb. 

(245.)  The  beginning  and  end  of  total  darkness  may  be  found 
in  the  same  inanner.    With  a  radius  equal  to  CB,  diminished 
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by  the  mooQ*s  semi-dumeter  (diai  k,  44'  24 '.S-ie^  19^.2, 
vshkh  equals  23^  5'^ J.,  or  16S3".l),  describe  about  the  oeotn 
C  a  ciicle,  canug  LN  in  die  points  S  and  T,  iriiidi  wiU  repn- 
salt  the  points  of  beginning  and  end  of  total  darkness. 

In  the  irian^  CGS,  CG=96ra,CS=1685'a,  andtheifr 
gfe  CGS=116=  C  1".    Hence  we  haTe 

CS:sin.  CGS::CG:8in.  CSG. 

CS  coa|i.= 6.773374 

sin.  CGS=9.933659 

CG =2,935054 

CSG=27^  20'  29"  sin.=:9.6G»»7 

Thaefioffe  tike  angle  SCG=36'>  39'  30'^    Then 

sin.  CGS:CS::sin.  SCG:SG. 

sin.  CGS  awji.=0.046atl 

€8=3.226626 

sin.  SCG =9,776005 

GS=1119 '.4=aOI8972 

Then,  to  find  die  time  of  descrilMng  GS,  ire  say, 

2025 '.0:360Qs.::  1119^. 4:1990.0s.=33m.  10.0^; 

whidi,  being  subtracted  from  14h.  10m.  29.68.,  gi^cs  die  h^ 
ginning  of  total  darkness,  1^  37m.  19.6sl  Subtracting  diB 
from  the  time  of  middle,  we  obtain,  for  half  the  duration  of  toial 
darkness,  44m.  21.1&,  whidu  added  to  14h.  21m.  40.7s^  pWi 
for  the  end  of  total  darkness,  15h.  6m.  1.S& 

(246.)  The  contacts  with  the  penimibra  may  be  ibund  ia  i 
similar  manner.  The  semi-diameter  of  the  penumbra  is  tqatl 
to  the  semi-diameter  of  the  diadow,  plus  the  sim*s  diametori  or 
44'  24  .3+32  15  .8  =  76'  40  .1.  If  we  take  die  ciide  ASft 
in  the  feure  on  page  229,  to  represent  the  Umits  of  the  peamih 
bnu  CE^will  be  equal  to  76  40  . 1 4-16  19'J>  =  92'  SO^X 
Then,  in  the  triangle  CGE.  we  have  siven  the  ai^  COB 
=  116-  0  1 ',  CG  =  S61  .1,  and  CE=5579  .3,  to  find  0B| 
dins:  CE:sin.  CGE::CG:$in.  CEG. 

CE  rosi/i.= 6.253120 

sin.  CGE  =9.953659 

CG=2.9350M 

CEG=7°  58  25    sin.=9.142133 

Thmfflre  the  angie  ECG =56''  V  ^'\    Then 


Eclipses  op  the  Moon.  283 

sin.  CGE :  CE ::  sin.  ECG :  EG. 

sin.  CGE  cowp.= 0.046341 

CE =3.746580 

sin.  ECG= 9.918708 

EG=5147^^9=a.711629 

To  find  the  time  of  describing  EG,  we  say, 
2025^^0 :  3600s. ::  5147^^9 :  9151.9s. =2h.  32m.  31.9s. , 
^vrhich,  subtracted  from  14h.  10m.  29.6s.,  gives  the  first  contact 
^^th  the  penmnbra  at  llh.  37m.  57.7s.  Subtracting  the  time 
of  first  contact  from  the  middle  of^the  eclipse,  14h.  21m.  40.7s., 
^^e  have  for  half  the  duration,  2h.  43m.  43.0s. ;  which,  added 
to  14h.  21nL  40.7s.,  gives,  for  the  last  contact  with  the  penum- 
l)ra,  17h.  5m.  23.7s. 

The  results  thus  obtained  are  as  follows : 

h      m.     «. 

First  contact  with  the  penumbra  at .  .  11  37  58  ^ 

First  contact  with  the  umbra 12  36  11 

Beginning  of  total  eclipse 13  37  20 

Middle  of  the  ecUpse 14  21  41 

End  of  total  eclipse 15    6    2 

Last  contact  widi  the  umbra 16    7  10 

Last  contact  with  the  penumbra  ...  17    5  24  J 

Magnitude  of  the  eclipse,  1.465  on  the  northern  limb. 

To  obtain  the  time  for  any  other  place,  we  have  only  to  add 
or  subtract  the  longitude.  For  Cambridge  Observatory,  whose 
longitude  is  23m.  41.5s.  east  of  Washington,  the  times  will  ac- 
cordingly be 

k,     m.     «. 

First  contaqt  with  the  penumbra  at  .  .  12    1  39 

First  contact  with  the  umbra  ......  12  59  53 

Beginning  of  total  eclipse 14    1    1 

Middle  of  the  eclipse 14  45  22 

End  of  total  eclipse 15  29  43 

Last  contact  with  the  umbra 16  30  52 

Last  contact  with  the  penumbra  ....  17  29    5^ 

Ex.  2.  Compute  the  phases  of  the  eclipse  of  May  1, 1855,  for 
Cambridge  Observatory,  Longitude  23m.  41.5s.  east  of  Wash- 
ington, from  the  following  elements : 


Mean  time 

at 
Washington. 


Mean  time 

at 
Cambridge. 
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Washington  mean  tune  of  opposition  in 

right  ascension lOh.  49m.  lO.li 

Declination  of  the  moon   . S.15^    1' 24  A 

Declination  of  the  earth's  shadow  ....  S.  15    11  32  .0. 
Hotms  eqaatorial  horizontal  parallax  .  .  57     9  .4 

Snn*s  horizontal  parallax 0    8  .5. 

Moon's  semi-diameter 15  35  .6. 

'  Son's  semi-diameter 15  54  .L 

Hoon's  honriy  motion  in  right  ascension  .  31  34  ^ 

Snn^s  hourly  motion  in  ri^t  ascension  .  2  23  2. 

Hourly  motion  of  moon  in  declination  .  .         S.  13  10  .1. 
Hourly  motion  of  shadow  in  declinatum  •         S.    0  45  1. 

Tiisx  contact  with  the  penuml»a  at  .  .     8  27  37 

First  contact  with  the  umhra 9  30     6 

Beginning  of  total  edipee 10  32  40 

Middle  of  the  eclipse 11  20  49 

End  of  total  eclipse 12    858 

Last  contact  with  the  umbra 13  11  32 

Last  contact  with  the  penumbra    ...  14  14     0 

Magnitude  of  the  edipse*  1.549  on  the  southern  limb. 


Meantime 

at 
Camlridp» 
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ECLIPSES  OF  THE  SUN  AND  OCCULTATIONS. 

Section  I. 

METHOD   OF    PROJECTING   SOLAR    ECLIPSES. 

(247.)  In  order  to  ascertain  whether  a  solar  eclipse  will  be 
visible  at  a  particular  place,  and  if  so,  to  determine  its  general 
appearance,  we  will  suppose  the  spectator  to  be  placed  at  the 
centre  of  the  sun,  to  look  down  upon  the  earth,  and  see  the 
moon  passing  across  its  disk.  The  earth,  in  that  case,  must  ap- 
pear to  him  like  a  flat  circular  disk,  as  the  full  moon  does  to  us ; 
and,  on  account  of  the  obliquity  of  the  ecliptic,  the  position  of  the 
pole,  as  well  as  the  path  described  by  each  point  on  the  earth's 
ZLe  in  oonsequeSce  of  the  dinmal  motion,  must  vary  with 
the  season  of  the  year.  At  the  time  of  the  vernal  equinox,  the 
jdane  of  the  equator  passes  through  the  sun ;  the  poles  must 
therefore  appear  to  be  situated  upon  the  margin  of  the  disk,  and 
the  equator  inclined  23^  degrees  to  the  ecliptic,  as  in  Fiff.  1, 
where  AB  represents  the  ecliptic,  H,  H^  the  poles  of  the  ecliptic, 
EQ  the  equator,  P,  P^  the  poles  of  the  equator,  and  DB,  AF  par- 
alleb  of  latitude,  which  appear  to  the  spectator  like  staraight 


Fig.h 


Lines.  At  the  autumnal  equinox  the  parallels  of  latitude  will 
sdso  appear  as  straight  lines,  but  the  poles  of  the  earth  will  lie 
CKi  the  opposite  side  of  the  poles  of  the  ecliptic,  as  represented  in 
^ig'.  2.    At  the  summer  solstice  the  north  pole  of  the  earth  will 
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oooapy  tbe  position  indicated  by  P,  in  Fig.  3 ;  tlie  soath  pole 
of  the  earth  will  be  invisible,  the  equator  will  oocnpy  the  por- 
tion EMQ,  and  the  parallels  of  latitude  will  aU  be  prcgectedinto 


nr.4. 


ellipses.  At  the  winter  solstice  the  sonth  pole  of  the  earth  irfl 
be  seen  as  represented  at  V%  in  Fig.  4 ;  the  north  pole  wiUle 
invisible,  and  the  equator  will  occupy  the  positi<»i  EMQ.  Thw 
difierent  cases  may  all  be  readily  illustrated  by  means  (^  a  t» 
restrial  globe. 

(248.)  In  (Nrder  to  project  an  echpse  of  the  sun,  we  mutfint 
represent  the  earth  as  it  would  appear  to  a  spectator  oo  the  sob 
at  the  time  proposed.  We  must  then  draw  the  parallel  of  kti- 
tnde  corre^wnding  to  the  place  for  which  the  phases  erf  As 
eclipse  are  to  be  determined,  and  mark  upcm  this  p«Ty1H  Ae 
position  of  the  given  place  for  the  different  hours  of  the  dqf. 
We  must  then  draw  the  moon's  apparent  path  across  the  earlVi 
disk,  and  mark  the  points  which  it  occupies  at  each  hour  of  ill 
transit  We  must  then  find  that  point  of  the  moon's  path,  anl 
the  point  in  the  path  of  the  spectator,  marked  with  the  siiiie 
times,  which  are  at  the  least  distance  from  each  other.  Tiiii 
will  indicate  the  time  when  the  eclipse  is  greatest.  We  imaft 
find,  in  the  same  manner,  that  point  of  the  moon^s  path,  and  tktt 
point  in  the  path  of  the  spectator,  which  are  marked  with  Ab 
same  hour,  and  whose  distance  from  each  other  is  equal  to  As 
sum  of  the  semi-diameters  of  the  sun  and  moon.  This  will  in- 
dicate the  time  of  beginning  or  end  of  the  eclipse.  This  method 
will  be  easily  understood  from  the  following  example : 


v. 
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Example. 

(249.)  Required  the  times  and  phases  of  the  eclipse  of  the 
sun,  May  26,  1854,  at  Boston,  latitude  42°  2V  2S''  N.,  longi- 
tude 4h.  44m.  14s.  W.  of  Greenwich. 

By  the  Nautical  Almanac,  the  time  of  new  moon  at  G-reen- 
wich  is.  May  26,  8h.  47.1m.  mean  time,  corresponding  to  4h. 
2.9m.  mean  time  at  Boston ;  or  4h.  6.1m.  apparent  time,  the 
equation  of  time*  being  +3m.  15.4s. 

For  this  time,  the  elements  of  the  eclipse  are  as  follows : 

Sun's  longitude 65^  12^  32^^ 

Sun's  declination 21°  11^  17"^  N. 

Moon's  latitude 21"  30^^=1290"^  N. 

Moon's  hourly  motion  in  longitude   ....  1807 

Sun's  hourly  motion  in  longitude  ......  144 

Moon's  hourly  motion  in  latitude 167 

Moon's  equatorial  horizontal  parallax  .  .  .         54"  32"".6. 
Sun's  equatorial  horizontal  parallax  ....  8"".5. 

Moon's  true  semi-diameter 14"  53"".5. 

Sun's  true  semi-diameter 15"  48"".9. 

The  geocentric  latitude  of  Boston,  which  is  to  be  used  in  the 
following  projection,  is  42°  10"  0"". 

The  relative  positions  of  the  sun  and  moon  will  be  the  same 
if  we  attribute  to  the  moon  the  effect  of  the  difference  of  their 
parallaxes,  and  suppose  the  sun  to  remain  in  his  true  position. 
This  difference  is,  therefore,  the  relative  parallax,  or  that  which 
influences  the  relative  position  of  the  two  bodies.  The  moon's 
equatorial  horizontal  parallax  is  54"  32^".6 ;  its  horizontal  paral- 
lax for  Boston  (Art.  210)  is  54"  27"".6 ;  and  the  relative  paral- 
lax is  54"  19"".l,  or  3259"".!,  which  represents  the  apparent  semi- 
diameter  of  the  earth's  disk,  if  seen  at  the  distance  of  the  moon 
from  the  earth ;  while  14"  53"".5  represents  the  moon's  apparent 
semi-diameter,  seen  from  the  same  distance.  These  numbers 
will,  therefore,  represent  their  relative  magnitude  when  seen  at 
any  distance.  Take,  therefore,  AC  (see  figure  on  next  page), 
equal  to  3259,  from  any  convenient  scale  of  equal  parts,  and  de- 
scribe the  semicircle  ADB  to  represent  the  northern  half  of  tho 
earth's  disk  as  seen  from  the  sun,  and  draw  CD  perpendicular 
to  AB  for  the  axis  of  the  ecliptic.     Take  the  chord  of  23^  28' 
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(equal  to  the  obliquity  of  the  eoliptic),  corresponding  to  the  ra* 
dius  AC,  and  set  it  off  on  the  oirde  ADB,  upon  each  side  of  D, 
to  E  and  H.    In  this  and  several  subsequent  cases,  when  a 
chord  or  sine  is  required  corresponding  to  a  particular  radius,  it 
is  most  conveniently  obtained  from  a  sector,  but  may  be  derived 
from  any  scale  of  chords  or  sines.     Draw  the  line  EH,  cutting 
CD  in  K.     By  comparing  figures  1,  2,  3,  and  4,  on  pages  235 
and  236,  it  will  be  perceived  that  the  pole  of  the  earth,  as  viewed 
ftom  the  sun,  vnU  appear  to  revolve  with  the  seasons  of  the  year 
through  the  line  HKE ;  and  since  H  is  its  position  at  the  vernal 
equinox,  its  distance  at  any  time  firom  H  will,  be  equal  to  the 
Tersed  sine  of  the  sun's  longitude ;  or  its  distance  from  the  sol- 
stice, K,  vnU  be  equal  to  the  sine  of  the  difference  between  the 
son's  longitude  and  90^,  or  270^.     Take,  then,  the  sine  of  90^ 
-65°  12^6,  that  is,  the  sine  of  24°  47^5  to  the  radius  EK,  and 
set  it  off  firom  K  to  P,  which  will  beilie  place  of  the  pole  of  the 
earth.    Draw  GP,  and  produce  it  to  cut  the  circle  ADB  in  H. 
The  line  CP  represents  the  northern  half  of  the  earth's  axis. 

(250.)  We  wish  now  to  represent  the  parallel  of  latitude  of 
Boston,  or  the  path  of  Boston  on  the  earth's  disk,  as  seen  from 
the  sun.  If  the  latitude  of  the  place  were  just  equal  to  the  sun's 
declination,  the  sun  would  be  vertical  at  noon,  and  Boston  would 
he  seen  precisely  at  the  centre  of  the  disk  at  C  ;  but  since  the 
latitude  exceeds  the  sun's  declination  by  20^  59^,  Boston  must 
be  seen  that  distance  north  of  the  point  where  the  sun  is  verti- 
cal, which,  when  projected  on  the  disk,  becomes  the  sine  of  the 
aio,  measured  from  C  on  the  axis  CP.  Take,  then,  the  sine  of 
20^  59"  to  the  radius  AC,  and  set  it  off  from  C  to  12.  This 
point  will  be  the  apparent  position  of  Boston  at  noon. 

If  the  earth  were  transparent,  Boston  would  be  seen  at  mid- 
ni^t  somewhere  upon  the  line  CM,  and  north  of  the  point  12. 
The  point  antipodal  to  that  at  which  the  sun  is  vertical,  and 
which  also  w^ould  be  seen  at  C,  is  as  many  degrees  south  of  the 
equator  as  the  sun's  declination  is  north.  Hence  the  distance 
of  Boston  from  this  point  at  midnight  must  be  equal  to  the  lati- 
tude of  the  place  added  to  the  sun's  declination,  which  amounts 
to  63°  21^  With  the  radius  AC,  take  the  sine  of  63°  21^  and 
set  it  off  firom  C,  upon  the  line  CP,  to  S.  The  point  S  will  rep- 
resent the  apparent  place  of  Boston  at  midnight. 
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The  line  12,  S  is  the  shortest  diameter  of  the  ellipee  into  vHiA 
the  paftdlel  of  latitude  appears  projected,  fiom  being  seen  ob* 
liquely.  The  point  T,  midway  between  12  and  S,  is  its  ccntnt; 
and  the  line  6,  6  drawn  through  T,  perpendicular  to  CM,  is  its 
lonsfcst  diameter.  The  line  6,  6  not  being  shortened  by  betng 
«een  obliquely,  will  appear  of  the  length  of  the  radius  of  the  pir- 
allel.  which  is  equal  to  the  cosine  of  the  latitude.  The  oompfe* 
ment  of  the  latitude  of  Boston  is  47^  50';  and  setting  off  its 
sine  each*wav  from  T  to  6  and  6.  we  find  the  extremities  of  th 
longest  diameter,  which  must  be  the  points  on  the  disk  when 
Bckston  will  be  seen  at  six  o^dock  in  the  morning  and  at  six 
oVlock  in  the  evening. 

(251.)  The  position  of  Boston  at  any  other  hour  of  the  dij 
may  be  found  as  follows :  With  a  radius  equal  to  T,  6,  take  die 
sine  of  15 "  (corresponding  to  one  hour),  and  set  it  off  on  eich 
side  of  the  point  T  to  the  points  marked  15 ".     In  the  same  mtfr 
ner,  set  off  the  sines  of  30  \  45- .  60^.  and  75".     Throosdi  tbeie 
points  draw  line^  as  in  the  figure,  parallel  to  CM.     'With  a  n- 
diys  equal  to  ST,  take  the  sine  of  75^.  and  set  it  off  oo  the  Kile 
1, 11«  fn>m  the  point  markeil  15^.  above  and  below  the  line  6, 6. 
In  the  same  manner*  set  off  the  sines  of  60- ,  45- ,  30^,  and  15^, 
from  the  point?  marked  30^,  4o\  60- ,  and  75- .     The  pointi  1, 
2,  3,  etc..  obtained  in  this  manner,  will  refvesent  the  »tnatiao 
of  Boston  at  thow  hours,  and  an  ellipse  drawn  through  Aese 
points  will  represent  its  apparent  path.     The  hoars  must  k 
marked  from  noon  toward  the  ri^t,  in  succession,  round  Ae 
curve.     The  path  touches  the  circle  APB  in  two  points^  nfn^ 
TK'ntuu;  the  [vints  of  simrising  and  simsetting,  which*  in  Ab 
present  tipiro,  are  4j  A.M.  and  7?  F.M.     These  points  diride 
the  path  into  two  parts*  of  which  one  rt^presents  the  path  by  day 
and  the  o;her  by  niAt, 

i'J-K.^  We  wish  now  to  rv»pr«*nt  the  racon's  apparent  path 
aeros?  :h-  eanh's  disk.  Frv-.n  the  same  scale  .upra  which  AC 
was  mt-asimxl,  take  an  in:er\  al  e^ual  to  the  moon's  btitode. 
ieiH>  •  and  aj^Iy  it  on  OR  f^.  r.i  C  to  G,  a->^ve  the  line  ACR 
because  the  nxon  s  latitude  is  nonh.  Take  CO,  equal  xo  1663 '. 
the  h-urly  KK^tion  of  the  i:xx>a  fr.^m  the  sr.n  in  kxigitude,  and 
-^t  It  on  the  line  CB,  from  C  :o  0.  Pnw  OR  j^rpendicular  to 
CB.  and  make  it  «iual  to  167  .  the  nKx^V  hocriv  t^nioa  in  lat- 
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itude,  and  set  it  above  the  line  AGB,  because  the  moon  is  going 
northward.  Draw  the  line  OR,  which  represents  the  hporly  mo- 
tion of  the  moon  from  the  sun  on  the  relative  orbit ;  and  paral- 
lel to  this  line,  draw  the  relative  orbit  of  the  moon,  LGN,  on 
which  are  to  be  marked  the  places  of  the  moon  before  and  after 
the  oonjonction,  by  means  of  the  hourly  motion,  CB,  so  that  the 
moment  of  the  new  moon  at  Boston  may  fiedl  exactly  on  the 
point  Gr,  where  the  new  moon  is  at  4h.  6m.  This  may  be  done 
by  instituting  the  proportion 

60m.  :the  line  CR::  6m.  :the  line  G,  lY. 

This  distance  is  to  be  set  off  on  the  line  GL,  from  G,  toward 
tibe  left,  to  the  point  lY,  the  place  of  the  moon  at  four  o'clock. 
Then  the  distance  GR  being  taken  in  the  dbmpasses,  and  set 
firam  IV,  both  toward  the  ri^t  and  left,  as  often  as  may  be  nec- 
essary, gives  the  places  of  the  moon's  centre  at  3,  4,  5,  6,  etc., 
o'clock,  by  apparent  time.  These  hours  may  be  divided  into 
60  equal  parts,  representing  minutes,  if  the  scale  be  taken  suffi- 
ciently large. 

(253.)  Find,  by  trials  with  a  pair  of  compasses,  two  points, 
ooe  on  the  moon's  path,  and  the  other  on  the  path  of  the  specta- 
faxr,  both  of  which  are  marked  with  the  same  times,  and  which 
aie  at  the  least  distance  from  each  other.  That  time,  which  in 
the  present  case  is  5h.  44m.,  is  the  instant  when  the  eclipse  is 
greatest. 

.  Hie  appearance  of  the  moon,  as  projected  upon  the  e€urth's 
disk  at  any  hour,  may  be  shown  by  taking  its  semi-diameter, 
B93^''.5,  and  with  this  radius  describing  a  circle,  whose  centre  is 
the  point  where  the  moon's  centre  will  be  at  the  time  proposed. 
The  figure  shows  the  appearance  of  the  moon  at  5h.  44m.  If, 
with  a  radius  equal  to  the  sun's  semi-diameter,  948^^9,  we  de- 
Bcaribe  a  circle  whose  centre  is  the  position  of  Boston  at  the  same 
inatant,  this  circle  will  represent  the  sun's  disk  at  the  middle  of 
the  eclipse.  The  moon's  semi-diameter  being  considerably  less 
than  the  sun's,  the  eclipse  is  seen  to  be  annular  at  Bostcm. 
Throughout  the  entire  tract  represented  as  covered  by  the  moon's 
disk,  the  sun's  centre  must  be  invisible ;  that  is,  along  the  par- 
allel of  latitude  of  Boston,  between  the  hours  3  and  7,  which 
amounts  to  more  than  60  degrees  of  longitude ;  and  throughout 
a  much  larger  furea,  some  portion  of  the  sun's  disk  will  be  con« 
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cealed.  The  extent  of  this  area  may  be  determined  by  descrilh 
ing  a  circle  with  the  same  centre,  and  a  radius  equal  to  the  sum 
of  the  radii  of  the  son  and  moon. 

(254.)  The  eclipse  most  commence  at  Boston  as  soon  as  tk   . 
disks  of  the  sun  and  moon  begin  to  interfere.     Take,  then,  bom 
the  scale  of  eqaal  parts,  with  a  pair  of  oompasBes,  an  extent 
equal  to  the  sum  of  the  semi-diameters  of  tl^  sun  and  mooo, 
1842^''.4,  and,  beginning  near  L,  set  one  foot  on  the  moon's  piA 
and  the  other  foot  on  the  path  of  the  spectator,  and  move  tfaem 
backward  and  forward  till  both  the  points  fall  into  the  same 
hour  and  minute  in  both  paths.    This  wUl  indicate  the  begin- 
ning  of  the  eclipse,  which,  in  the  present  case,  is  4h.  30m.    Jk 
the  same  on  the  other  side  of  the  mocm's  path,  and  the  end  ef  lb 
eclipse  will  be  found,  in  the  same  manner,  at  6h.  51m.    ¥• 
have  thus  obtained  the  following  results  for  Boston : 


Appsrait  Tiino*        Kmi 
Am.  Am. 

Beginning  of  eclipse 430     =     427  P  JL 

Greatest  obscuration . 5  44     =     5  41 

End  of  eclipse 6  51     =     6  48 

The  results  are  obtained  in  apparent  time,  because  the  poinli 
1,  2,  3,  etc.,  on  the  parallel  of  Boston,  correspond  to  appamt 
time,  and  the  places  of  the  moon  upon  its  relative  orUt  Vftn 
also  determined  for  apparent  time. 

When  this  projection  is  carefully  made,  it  will  fonush  d» 
times  of  beginning  and  end  within  one  or  two  minnteo. 

By  drawing  different  parallels  of  latitude,  we  may  determiBB 
the  phases  of  the  eclipse  at  any  number  of  places  required. 

SECOND   METHOD   OF   PROJECTION. 

(256.)  In  the  preceding  projection  we  have  employed  IIb 
longitude  and  latitude  of  the  sun  and  moon,  as  well  as  ibfir 
hourly  motions  in  longitude  and  latitude ;  but  the  prcgeotioii  naj 
bo  made  with  about  equal  facility  by  employing  the  right  asoei- 
sion  and  declination  of  these  bodies.  This  method  differs  ftoo 
the  preceding  in  only  a  few  particulars. 

In  the  figure  on  the  opposite  page,  AG,  the  radius  of  the  » 
cle  of  projection,  is  the  difference  of  the  horizontal  parallaieiflf 
the  sun  and  moon;  CD  is  a  meridian  or  cirde  of  daollDitioi; 
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(>,  12,  6  the  projection  of  the  parallel  of  latitude  of  the  plaee: 
LGrN  the  moon's  apparent  path ;  CG  the  difference  of  dedint- 
tion  of  the  sun  and  moon  at  the  instant  of  conjunction  in  r^ 
ascension ;  C12  the  sine  of  the  sun's  zenith  distance  at  noon; 
and  6T  the  radius  of  the  parallel  of  latitude. 

The  hourly  motionsi  of  the  moon  and  sun,  being  given  in  ri^ 
ascension,  must  be  multiplied  by  the  cosine  of  the  decUnatioRti 
reduce  them  to  an  arc  of  a  great  circle,  by  Art.  72.  CO,  inib 
figure,  represents  this  reduced  hourly  motion  of  the  moan  fion 
the  sun,  and  OR  the  hourly  motion  of  the  moon  from  the  nail 
declination.  The  distance  CB  represents  the  moon's  ifkSn 
hourly  motion  on  its  apparent  path. 

We  will  apply  this  method  to  the  eclipse  of  May  26, 1851,  ir 
Boston. 

(256.)  By  the  Nautical  Almanac,  conjunction  in  right  asHD- 
sion  takes  place  at  8h.  55m.  43.2s.,  Greenwich  mean  tinie,eiV' 
responding  to  4h.  11m.  29s.  mean  time  at  Boston,  or  4L  14b. 
44s.  apparent  time.     For  this  time  we  obtain  from  the  Afanaaie 

the  moon*s  hourly  motion  in  right  ascension  .  .  31^  19"3. 
*'   sun's  hourly  motion  in  right  ascension  ...    2"  SV^& 

Hence  the  hourly  motion  of  the  moon  from  the  sun  in  i^ 
ascension  is  28^  47^M,  which,  multiplied  by  the  cosine  of  fbe 
nKX>n  s  declination,  21^  33'  32'%  is  1606''.3.  The  other  ekmeots 
are  taken  directly  from  the  Almanac,  and  are  as  fcdlows: 

Elements  of  the  Eclipse. 

Conjunction  in  right  ascension,  Boston 

ap|>arent  time,  May  26 41l  14m.  448.  PJL 

R  =  radius  of  circle  of  projection  (see 

ivige  237) =  3259'M. 

Reduced  hourly  motion  of  moon  from 

Sim  in  right  ascension 1606"5. 

Moi>n*s  hourly  motion  from  sun  in  dec- 

Unation  .' 46r'.4. 

Mwn  north  of  sun .  1335''.0. 

^>uni  of  semi -diameters  of  sun  and 

"Hx>n 1842''.4. 

DitToivnoo  of  semi-diameters  of  sun  and 

moon 55".4. 
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Take  AC,  equal  to  3259'^'^,  firom  any  convenient  scale  of  equal 
parts,  and  describe  the  semicircle  ADB  to  represent  the  north- 
ern half  of  the  earth's  disk,  and  draw  CD  perpendicular  to  A6 
Ibr  the  axis  of  the  earth.  Open  the  sector  to  the  radius  AC, 
and  take  the  sine  of  20^  59'=0'-d,  and  set  it  off  from  C  to  12, 
oo  the  line  CD.  This  point  wiU  be  the  apparent  position  of 
Boston  at  noon.  With  the  same  radius,  take  the  sine  of  63^ 
2V=i/+6j  and  set  it  off  from  C  to  S,  on  the  line  CD.  Tho 
point  S  will  represent  the  apparent  place  of  Boston  at  midnight. 
Bteeet  the  line  12S  in  T,  and  through  T  draw  6,  T,  6  perpen- 
dienhr  to  CD.  With  the  same  opening  of  the  sector  as  before, 
take  the  cosine  of  the  latitude  of  the  place,  42^  10^  and  set  it 
off  each  way  from  T  to  6  and  6.  These  will  be  the  points 
where  Boston  will  be  seen  at  six  o'clock  in  the  morning  and 
six  o'olock  in  the  evening.  The  apparent  path  of  Boston  across 
tiie  earth's  disk  must  now  be  represented  as  described  on  page 
240. 

(257.)  The  projection  of  the  parallel  of  Boston  may  be  effect- 
ed without  the  aid  of  a  sector,  by  first  computing  the  quantities 
C12,  CS,  and  T6. 

C12=R  sin.  (<^'-(J)=3259'M  sin.  20°  58^  43'^=1167^ 
CS=R  sin.  (0^+(J)=3259^M  sin.  63°  21'  17''=2913' 
T6=R  COS.  <l>'        =3269^^1  cos.  42^  l(y   0^^=2416' 
.  These  quantities  may  now  be  set  off  firom  the  same  scale  as 
AC,  without  the  aid  of  a  sector. 

Take  an  interval  equal  to  1335^',  which  is  the  difference  of 

declinations  of  the  sun  and  moon,  and  set  it  off  on  CD  firom  C 

to  G-,  above  the  line  ACB,  because  the  moon  is  north  of  the  sun. 

Take  CO,  equal  to  1606^^,  the  reduced  hourly  motion  of  tho 

tuoon  from  the  sun  in  right  ascension,  and  set  it  on  the  Une  CB, 

^cm  C  to  0 ;  draw  OR  perpendicular  to  CB,  and  make  it  equal 

'tbo  461,  the  moon's  hourly  motion  from  the  sun  in  declination. 

iw  the  line  CR,  which  represents  the  hourly  motion  of  the 

from  the  sun  on  the  relative  orbit ;  and  parallel  to  thU 

draw  the  relative  orbit  of  the  moon,  LGN.    At  the  in- 

it  of  conjunction  in  right  ascension,  the  moon's  centre  will 

at  G. 

(258.)  Measure  the  distance  CR  on  the  scale,  and  say,  as 
6Qm. :  CR ::  the  minutes  of  the  time  of  conjunction :  the  dis- 
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tanoe  from  G  to  the  first  fall  hour  point  to  the  left    CBisfimnd 
by  the  scale  to  be  1671'^ 

60m. :  1671 : :  14.7mu :  409^^ 

Take  409^^  from  the  scale,  and  set  it  from  G  to  IV.  TakailiB 
distance  CR,  and  set  it  from  IV,  along  the  moon's  path,  to  T, 
VI,  etc.,  and  divide  each  hour  into  ten^minute  spaces.  TUu 
from  the  scale  the  sum  of  the  semi-diameters  of  the  son  mi 
moon,  and  running  the  lep  foot  of  the  dividers  akmg  the  mooQ^i 
path,  while  the  other  is  kept  on  the  ellipse,  notioe  when  \dk 
L^tand  on  the  same  hour  space.  Subdivide  that  pcvtioo  of  tk 
moon's  orbit  into  single  minute  spaces,  and  that  cm  the  diipe 
into  10  or  5  minute  spaces.  Do  the  same,  keeping  the  ri^ 
foot  of  the  dividers  on  the  moon's  path,  and  subdivide  the  spiOB 
in  like  manner.  Also,  notice  what  hour,  or  portion  of  an  hoar, 
on  the  moon's  path  is  nearest  to  the  corresponding  hour  on  tk 
ellipse,  and  subdivide  these  portions  in  the  same  way.  kfl^* 
ing  the  dividers  set  to  1842^^,  we  find  that  the  feet  stand  on  oor* 
responding  divisions  when  the  left  foot  on  the  moon's  path  maib 
4h.  29m.  40s.,  and  also  when  the  right  foot  marks  6h.  50kn.35i.: 
the  former  denoting  the  time  of  beginning,  and  the  latter  the 
time  of  ending  of  the  eclipse  at  Boston. 

Apply  one  side  of  a  small  square  to  the  moon's  path,  aol 
move  it  along  until  the  other  side  cuts  the  same  hour  and  min- 
ute on  both  lines.  This  is  the  moment  of  nearest  approach  of 
centres,  which  is  at  5h.  44m.  10s.  The  distance  betweeif  (heR 
corresponding  points,  measured  on  the  scale,  is  47^%  wfaidi  is 
llie  distance  of  the  centres  of  the  sun  and  moon  at  that  tiot 
This  being  less  than  55'\Ay  the  difference  of  the  semi-diamelai 
of  the  sun  and  moon,  shows  that  the  eclipse  at  Boston  wiUk 
annular, 

(259.)  With  a  radius  equal  to  893'',  from  the  point  SL  4I» 
10s.  of  the  moon's  path  as  a  centre,  describe  a  circle  repiQM^ 
ing  the  moon's  disk.  With  the  corresponding  point  of  the  d* 
lipse  as  a  centre,  and  a  radius  equal  to  949^^,  desmbe  a  seooi' 
circle  to  represent  the  sun's  disk.  These  circles  will  eihibit  fls 
phase  of  tho  eclipse  at  the  moment  of  greatest  obscuration.  Ik 
figure  represents  the  visible  portion  of  the  sun  at  this  time  •»  •■ 
imequal  ring,  extremely  narrow  on  its  northern  side.  With  tbe 
dividers  open  to  55"',  the  times  of  formation  and  rupture  of  tb 
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ring  may  be  detennined  in  the  same  mamier  as  the  begmning 
and  end  of  the  eclipse. 

The  results  of  the  projection  are  as  follows : 

Apparent  TIrm.         Mean  Thne. 

A*  tli<  Sm  A*  fit.  Mt 

Beginning  of  the  eclipse  at  Bos- 
ton, May  26,  1854 4  29  4a  =  4  26  25  P.M. 

Greatest  obscuration 5  44  10  =  5  40  55 

End  of  ecUpse 6  50  35  =  6  47  20 

■  In  a  working  projection,  for  determining  the  phases  of  an 
eidqpse  for  a  particular  place,  it  is  not  necessary  to  describe  all 
the  lines  givon  in  the  figure.  Thus,  in  the  present  example,  it 
WB8  only  necessary  to  draw  that  portion  of  the  path  of  Boston 
ooReeponding  to  the  three  hours  which  include  the  eclipse,  viz., 
from  4  to  7  P  Jf . ;  but  this  part  should  be  drawn  with  the  ut- 
most care.  So,  also,  it  is  only  necessary  to  draw  the  moon's 
path  for  the  same  hours ;  but  the  portions  corresponding  to  the 
tunes  of  b^inning,  middle,  and  end  of  the  eclipse  should  be  sub- 
divided as  accurately  as  possible. 


Section  II. 

TO   CALCULATE  THE    BEGINNING  AND    END   OF  A  SOLAR    ECLIPSE   FOR 

A   PARTICULAR    PLACE. 

(260.)  The  method  of  projections  already  explained  will  suf- 
fice to  famish  a  general  idea  of  the  phenomena  of  an  eclipse, 
and  also  the  approximate  times  of  the  phases  for  any  place  re- 
qniied.  A  more  accurate  result,  however,  is  frequently  needed. 
This  may  be  obtained  in  the  following  manner : 

Assnme  any  two  convenient  times  near  the  supposed  begin- 
ning and  end  of  the  eclipse.  If  we  have  no  previous  knowledge 
of  these  phases,  we  may  assume  the  hour  before  and  the  hour 
after  the  time  of  apparent  conjunction.  The  computations  are 
most  conveniently  performed  when  the  assumed  times  are  even 
hoars  of  the  meridian  for  which  the  ephemeris  is  computed. 
With  these  times  calculate  the  places  of  the  sun  and  moon,  and 
also  the  corresponding  parallaxes,  according  to  Arts.  211,  212. 
The  relative  positions  of  the  sun  and  moon  will  be  the  same,  if 
we  attiibuto  to  the  moon  the  efiect  of  the  difference  of  the  par- 
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allaxes  of  the  two  bodies,  and  sni^iase  the  son  to  ram&m  in  Ui 
trae  position.  This  difTerence  is,  therefore,  the  relative  puat 
lax,  or  that  which  inflaeooes  the  relative  poutim  of  the  tm 
bodies.  The  difTerenoe  between  the  equatorial  parallaxes  of  fte 
son  and  moon  most  be  multiplied  by  the  radius  of  the  earth  tm 
the  place  of  observation,  in  order  to  obtain  the  parallax  ottt 
place.  Art  310.  These  parallaxes,  applied  to  the  right  aaos- 
eions  and  decUnations  of  the  moon  for  the  hours  proposed,  at 
given  in  the  Nautical  Alrnanao,  will  furnish  Its  apparent  ri^ 
ascensions  and  declinations.  Take  the  difference  between  tka 
aiq>arent  places  of  the  moon  and  snn,  and  redace  the  diiierarai 
of  ri^t  ascension  to  seconds  of  arc  of  a  great  circle.  These  ip- 
parent  positions  of  the  moon  with  respect  to  the  snn  vrill  fonuA 
its  ai^iarcnt  relative  orbit ;  and  the  contact  of  limfaa  will  en> 
dently  take  place  when  the  apparent  distance  of  the  oe&tres  1» 
comes  equal  to  the  sum  of  the  sun's  semi'-diameter  and  the  Hig> 
mented  semi-diameter  of  the  moon. 

(261.)  Let  S  represent  the  position  of  the  sun's  centre,  iriiiA 
we  will  suppose  to  remain  at  rest  throi^tout  the  eclipse;  U 
SE  and  SP  represent  the  apparent  differences  of  ri^t  ascensiai 
of  the  suQ  and  moon  for  the  two  selected  hours,  one  preoedii^ 
and  the  other  foUowing  the  apparent  ctHijunction,  and  BIC,  PK' 


liM  dificenoes  of  declination.     Draw  the  line  MM',  and  it  wffl 
Bttta  nktin  direction  of  flie  inowi's  motion.     Let  SN 
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be  the  meridian  passing  ihiongh  S,  and  suppose  B  and  E  to  be 
the  positions  of  the  moon  at  the  times  of  beginning  and  ending 
of  the  partial  eclipse.  Draw  MDH  perpendicular  to  SN,  and  HC 
perpendicular  to  BE. 

In  the  triangle  SDH,  we  have 

SD :  DM ::  rad. :  tang.  DSM. 
Also,  sin.  DSM :  DM ::  rad. :  SM. 

In  the  triangle  HMM^,  HM  represents  the  hourly  motion  in 
right  ascension,  reduced  to  the  arc  of  a  great  circle,  and  HM^ 
Hie  hourly  motion  in  declination,  and  we  have 

HM':  HM/ ::  rad. :  tang.  HMM'  or  NSC. 

Also,  COS.  HMM" :  rad. ::  HM :  MM^ 

which  is  the  hourly  motion  of  the  moon  in  its  relative  orbit. 

The  angle  MSC  =  MSD+DSC. 

Then,  in  the  triangle  MSC, 

rad.:SM::cos.  MSC:SC. 

In  the  triangle  BSC,  BS  represents  the  sum  of  the  radii  of  the 
sun  and  moon,  and  we  have 

BS:SC::rad.:cos.  BSC. 
The  angle  BSM = BSC  -  MSC. 

Also,  ESM=BSC+MSC. 

Now,  in  the  triangles  BSM  and  ESM,  we  have 

sin.  SBM :  SM : :  tin.  BSM :  BM, 

and  Bin.  SEM :  SM ::  sin.  ESM :  EM. 

BM 
Also,  the  time  of  describing  BM=trpjrr;, 

and  the  time  of  describing  EM=:n'^7-. 

MM' 

The  time  of  describing  BM  being  subtracted  from  the  time 
when  the  moon's  centre  was  at  M,  will  furnish  the  instant  of 
beginning  of  the  ecUpse ;  and  the  time  of  describing  EM  being 
added  to  the  time  when  the  moon  was  at  M,  will  furnish  the  in- 
stant of  ending. 

(262.)  Ex.  1.  Required  the  time  of  the  beginning  and  ending 
of  the  solar  eclipse  of  July  28, 1851,  at  Cambridge,  latitude  42^ 
22'  48''  N.,  longitude  4h.  44m.  30s.  W.  of  Greenwich. 

Tlie  time  of  new  moon,  July  28,  is  2h.  40m.  Greenwich  time ; 
but  as  the  sun  at  Cambridge  is  near  the  eastern  horizon,  the 
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effect  of  parallax  will  bo  to  acoelerate  the  eolipfle,  and  we  will 
therefore  select  for  our  two  hoars  of  oompatation  Ih.  and  2L 
Greenwich  time.  Fdr  these  times  we  take  oat  the  right  aaoen- 
sions  and  declinations  of  the  sun  and  moon  from  the  Nautical 
Almanac.  The  moon's  equatorial  horizontal  parallax  at  IL  is 
60"  28''.6 ;  the  sun's  horizontal  parallax  is  8'' A ;  differanoe,  60^ 
2(y\2 ;  reduction  to  the  latitude  of  Cambridgei  5^^.5 ;  making 
the  relative  horizontal  parallax  for  Cambridge  60^  14^''.7.  At 
2L  we  find  it  to  be  60'  15^^6. 

The  moon's  hour  angle  from  the  meridian  is  equal  to  the  si- 
dereal time,  minus  the  moon's  true  right  asoension.  July  28, 
Ih.  at  Grreenwioh  corresponds  to  July  27,  20L  15m.  SOs.  metn 
time  at  Cambridge,  which,  converted  into  sidereal  time  by  Art 
159,  is  4h.  37m.  53.13s.  Subtracting  this  from  the  moon's  lig^ 
ascension,  we  obtain  the  hour  angle,  3L  47m.  23.5Qs.|  or  56^ 
5(y  52'^5.  In  the  same  manner,  the  hour  angle  at  2L  is  found 
to  be  42°  27'  26'M.  With  these  data  we  compute  the  parai- 
laxes  in  right  ascension  and  declination  by  Arts.  211  and  212. 
The  differences  of  right  ascension  are  reduced  to  seconds  of  arc 
of  a  great  circle  by  multiplying  them  by  15  x  cosine  of  the 
moon's  apparent  declination. 

According  to  Art.  228,  the  declination  of  the  point  M  is  not 
exactly  the  same  as  that  of  D  (HD  being  supposed  to  be  a  per- 
pendicular  let  fall  on  the  meridian  NS).  From  Table  XVllL 
we  find  the  correction  to  be  added  to  the  moon's  declinatioD  at 
Ih.,  for  a  difierence  of  right  ascension  of  37s.  is  0^^.3 ;  and  at  Sl, 
for  a  difference  of  right  ascension  of  Im.  18s.  is  I'^'.l. 

Hence  we  obtain  the  following  results : 


Moon*!  true  place 

Mo<m*8  panllax 

Moon*8  apparent  place . . 
Sun*8  place 

Difference 

Reduced  to  seconds  of  arc 


For  lb.  Greenwich  Time. 


R.A.       I 

8  25  16.63  19 
3  40.24 


E 


For  Sh.  Grwawkfc 


27  66.87 

28  34.17 


Doc.  I       R.  A. 

68    9.4N.||8  37  63.73 
30     4.9  2     9.61 


37.30 
627.5 


19 
19 


28 

4 


4.5 
60.2 


23  14.3 
1394.6 


30     2.83 
38  44.00 


1   18.23 
1106.7 


19  53  4MK 
37  15.5 


19  35  34.5 
19     4  15.8     I 


31     8.7     I 
13698 


Accordingly,  we  find  SR  represents  527  ^5;  RM,  1394".6; 
PS,  1106^  .7 ;  PM',  1269-^8.  Tlie  hourly  motion  in  declinatioo 
is  therefore  124^^S ;  and  that  in  ri^t  asoension,  reduced  to  an 
are  of  a  great  circle,  is  1634^  .2. 
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.    Theat  in  tiie  triangle  SDM,  we  have 

1394".6 :  527".5 ::  1 : lang.  20°  43'  8"=DSlf. 
Ato),         .iii.DSlI;527".5::l:SM=1491".0. 
In  iha  txiaugle  HHS',  we  have 

1634"5 :  124".S ::  1 ;  tang.  Him-=4<>  SS"  1". 
Alao, 
cm.  HHK' :  1 ::  1634".S :  MM'=1639".0=lu)urly  motion  of  the 
moon  in  its  relatiTe  orbit. 

MS0=MSD+DS0=25»  5- 9". 
In  the  triangle  USC,  we  have 

1 :  1491".0 ::  008.-MSC :  SC=13S0".4. 
The  moon's  semi'diemeteT  is  not  the  same  for  the  heginning 
and  end  of  the  eohpae ;  but  for  a  first  approximation  we  will  enp- 
uose  it  to  remain  nnohanged,  and  will  compnte  it  for  the  time 
Ih-  30m.,  which  we  find  to  be  16'  28".9.  The  augmentation 
for  altitude,  Art  217,  is  11".8.  The  sun's  semi^diameter  is  15' 
4a".5,  making  88=32-  27"5=1947".2.    Then 

1947"5 :  1350--.4 ::  1 ;  cos.  BSO=46°  5'  32". 
Therefore  BSlI=21o    CSS", 

ESM=71-10'41". 
Then  sin.  SBMa491".0::sin.  BSM:BM  =  770".7, 
sin.  SEM:1491".0::sin.ESM:ESI=2035''.0. 
The  time  of  desoribing  BM=Oh.  2Sm.  13s. 
The  time  of  desoribing  EH=lh.  14m.  30s. 
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Subtracting  the  time  of  describing  BM  from  Ih.,  and  adding 
the  time  of  describing  EM  to  Ih.,  we  obtain  the  Greenwich  times 
of  beginning  and  ending ;  and,  subtracting  4L  44m.  SOs.,  ^re 
obtain  the  results  in  mean  time  of  Cambridge ;  viz., 

Beginning  of  the  eclipse  at  .  .  7h.  47m.  17s. )  Cambridge 

End  of  the  eclipse 9L  30m.   Os.  )  mean  time. 

(263.)  Since  the  hour  angle  of  the  moon  is  subject  to  the  va- 
riation of  nearly  15^  per  hour,  the  effect  produced  by  parallax  is 
to  give  considerable  curvature  to  the  apparent  relative  <nrbit  of 
the  moon.  This  curvature  is  more  decided  when  the*  eclipse 
takes  place  near  to  the  horizon.  Hence  the  preceding  results, 
deduced  by  supposing  the  portion  of  the  orbit  described  during 
the  eclipse  to  be  a  straight  line,  are  only  approximate.  It  is 
probable,  however,  that  they  are  correct  within  one  or  two  min- 
utes, and  this  may  be  considered  sufficient  for  the  purposes  of 
the  observer.  If  a  more  accurate  determination  is  required,  we 
must  repeat  the  computation  for  the  times  here  obtained ;  and 
it  is  better  to  conduct  the  computations  for  the  beginning  and 
end  independently  of  each  other,  deriving  the  beginning  of  tfaa 
eclipse  from  the  assumed  time  near  the  beginning,  and  the  end 
from  the  assumed  time  near  the  end.  For  convenience,  we  may 
omit  the  seconds,  and  repeat  the  computation  for  Oh.  32m.  and 
2h.  15m.  Greenwich  time.  For  these  times  we  look  out  the  places 
of  the  sun  and  moon  from  the  Almanac.  The  relative  horizon* 
tal  parallax  at  Oh.  32m.  is  60^  14^^2 ;  at  2h.  15m.  is  60^  IS^'.d. 
The  moon's  hour  angle  from  the  meridian  for  Oh.  32m.,  Green- 
wich time,  is  63°  33^  48^^4 ;  for  2h.  15m.  it  is  38^  51'  34''5, 
from  which  we  obtain  the  parallaxes  as  below.  Proceeding  as 
in  the  former  case,  we  obtain  the  following  results : 


Moon*!  trae  place 

Moon*8  parallax 

Moon's  apparent  place . . . 
Sun's  place 

Difference 

Reduced  to  seconds  of  arc 


For  Oh.  32m.  Greenwich  Time 


R.A. 
m.       «. 

24     3.76 

2  51.16 


8  26  54.92 
8  28  29.59 


1  34.67 
1338.7 


Dec. 

20     0  40.1  N 
31  35.5 


19  29     4.6 
19     5     6.2 


23  58.4 
1439.8 


For  8h.  I&m.  Green wirh 


R.A. 
k.   m.   «. 
8  28  31.73 

2  0.43 


8  30  32.16 
8  28  46.46 


1  45.70 
1495.4 


Dee. 

19  61  16.9  N. 
26  39.4 


19  24  36.9 
19  4  7.1 


20  29.8 
1231.5 


The  motion  in  declination  for  Ih.  43m.  is  208^^3 ;  hence  the 
motion  for  Ih.  is  121^^3 ;  an^  in  right  ascension  it  is  1650^^.9; 
which  values  differ  a  Uttle  from  those  found  on  page  250. 
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Let  SR  in  the  fignre^  page  251,  represent  1338^^.7 ;  and  RM 
1439^^.8.     Then,  as  before,  we  shall  have 

1439^^8 :  1338^^7 ::  1 :  tang.  DSM=42o  54^  58'^ 
sin.  DSM :  1338^^7 ::  1 :  SM=1966'^0. 
Also,  1231^^5 :  1495^^4 :;  1 :  tang.  DSM^=50o  31^  4(y^ 
sin.  DSM^ :  1495^^4 ::  1 :  SM^=1937^'.2. 
165(y^9 :  121^^3 ::  1 :  tang.  HMM'=:4«^  12^  8'^ 
008.  HMM" :  1 ::  165(K^9 :  1655^4=hourly  motion  in  orbit. 
Therefore  MSC=47o    T    6'^^ 

M^SC=46o  19^  32^ 
1 :  1966^^0 : :  cos.  MSC :  SC  =  1337^^8. 
The  moon's  semi-diameter  at  Oh.  32m.  is  16''  28'^6 ;  the  aug- 
mentation for  altitude  is  9^^.3 ;  the  sun's  semi-diameter  is  15^ 
46^^5 ;  making  SB = 1944^^4. 

In  the  same  manner  we  obtain  SE =1949^^.1.     Then 
1944^^4: 1337-^^8::  1  :oos.  BSC=46o  ZV  33'^ 
Therefore  BSM=Oo  35'  33'^ 

Then  sin.  SBM :  1966^^0 : :  sin.  BSM :  BM = 29''.6. 
The  time  of  describing  BM = 64.3s. 
Also,  1949^M :  1337^^8 ::  1 : cos.  ESC =46^  39^  24'^ 
Therefore  ESM'=Oo  19'  52''. 

isin.  SEM':1937".2::sin.  ESM^:EM'=16".3. 
The  time  of  describing  EM' = 35.5s. 
Hence  the 

Beginning  of  the  eclipse  is  at .  7h.  48m.  34s. )  Cambridge 
End  of  the  eclipse  is  at  ....  9h.  31m.  5s.  )  mean  time. 
(264.)  In  observing  the  beginning  of  a  solar  eclipse,  it  is  im- 
portant for  the  accuracy  of  the  observation  that  we  should  know 
on  what  part  of  the  sun's  limb  the  eclipse  will  begin.  This  is 
easily  found  by  means  of  the  diagram,  page  251.  The  angle 
NSB  is  the  angle  of  position  of  the  moon's  oentre  from  the  north 
toward  the  west,  at  the  beginning  of  the  eclipse ;  or,  if  we  es- 
timate the  angle  of  position  firom  the  north  toward  the  east,  it 
will  be  360^  —  NSB.  Also,  the  angle  of  position  from  the  north 
toward  the  east,  at  the  end  of  the  eclipse,  is  NSE. 

But        NSB=CSB-CSN=46o.5-4o.2=:=42°.3, 
and  NSE  =  CSE  +  CSN=46<^.6+4o.2=50o.8. 

Hence,  at  the  beginning  of  the  eclipse,  the  angle  of  the  moon's 
oentre  from  the  north  toward  the  east  is  317^.7. 
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At  ilie  end.  Hie  ang^  of  tbe  mooo's  oentie  from  ihe  nartli  to- 
ward the  east  is  50^.8. 

(265.)  The  Ibllowiiig  fixmnke  embody  Hie  pieooding  prind- 
ples  in  a  foim  conTenient  lor  compotatiGn : 

Put  x=SR=the  differenoe  of  apparent  li^  aaoeoflko  be- 
tween ilie  son  and  moco  in  are  of  a  great  circle, 
at  an  aasomed  instant ; 
jr=RM=:the  difference  of  apparent  dedinatun  at  tfas 

same  instant,  conected  by  Art.  228 ; 
z=Slf; 
r=SC; 

/3=tfae  angle  NSM; 
f =tlie  angle  HMM^=DSC ; 
y=the  angle  BSC=ESC ; 
2>=MH=tfae  hourly  variatioa  of  a;; 
Sf/=H][^=the  hourly  variation  of  jf  ; 
A=BS=samQf  the  semi-diameters  of  son  andmooo. 


tang.  /3=?, 


y 


sm.  /3     C06./3 


tang.  i=— , 


^f     - 


hourly  motion 
cos.  I 

in  relative  orbit, 
MSC=i3+«, 

r=3r  cos.  ()3+0i 


cos.  y=— . 
A 


Angle  BSM =r-(fJ+i), 
ESM=r+(/3+i), 

BM=-^8in.{rl(/J+i)), 
EM=-^8in.{r+0+i)|. 


cos.  y 


Time  of  describing  BM= 


BH 


Time  of  describing  EM = 


EH  COS.  < 


«/ 


Afler  we  have  obtained  the  approximate  times  of  beginmng 
and  ending,  if  the  greatest  accuracy  is  required,  we  must  repeat 
the  computation,  with  separate  values  of  A  for  beginning  and 
end,  as  was  done  in  the  last  example. 

(266.)  Ex,  2.  Required  the  time  of  beginning  and  end  of  Aa 
solar  eclipse  of  May  26,  1854,  at  Cambridge  Observatory. 

As  we  have  already  projected  this  eclipse,  wo  shall  avail  oa^ 
selves  of  the  approximate  knowledge  already  obtained,  and  shall 
assume  for  our  times  of  computation  9h.  10m.,  and  llh.  30ra., 
Greenwich  mean  time.    For  these  times  we  take  the  places  of 
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the  son  end  moon  from  the  Nautical  Ahnanao.  The  moon's 
dqoatorial  horizontal  parallax  at  9h.  10m.  is  54'  33"^ ;  the  son's 
horizontal  parallax  is  8".5 ;  difference,  54'  34'''.0 ;  which,  le- 
daoed  to  the  latitude  of  Camhridge,  beoomes  54'  19".l.  At 
llh.  30m.  we  find  it  to  be  64'  17"^. 

The  sidereal  time  at  Camlwidge,  oorresponding  to  9h.  10m. 
Gteenwioh  mean  time,  is  8h.  41m.  55.318.  Henoe  the  moon's 
hour  angle  is  ^  28m.  17.988.,  or  67°  4'  2g".7.  The  hour  angle 
at  llh.  30m.  is  100°  57'  1".8.  With  these  data  we  obtain  the 
parallaxes  as  below.    The 'following  are  the  results : 


Mnm'i  trao  place 

McMm'*  puillax  

4  13  37-23 
2  40.23 

SI  36  37,7  N. 
38  27,6 

H,A. 

4  IS  30.09 
2  49,83 

21  64    4.9  N. 
36  60.0 

4  10  67.00 
4  13    6.83 

21     7    OS 
31  11  S8.9 

4  16  40,28 
4  13  33,48 

31  13  32.9 

a  ia.S8 

1868.7 

4  28.7 
SS9,4 

S    6,80 
1773.9 

4  S3.0 
S9S.0 

Rcdnccdtoiecond-ofaic 

The  hourly  motion  in  decUnatifm  is  237"  .6,  and  that  m  right 
ascension  1556".!. 


Then,  in  the  triangle  SDM,  we  have 

269".4 :  1868".7 : :  1 :  tang.  DSM = 82o  3'  18", 
an.  DSM :  1858".7 ::  1 :  SM=  1876".7. 
Also,  295".0:1772".2::  1  :tang.  PM'S=80o  32'  57", 

SDL  PM'S :  1772".2 : :  1 :  SM' = 1796".6. 
To  avoid  oonfosion,  the  lines  SM,  SU'  are  omitted  firom  the 
figure,  but  are  to  be  supplied  as  on  page  348. 
In  the  triangle  HHH',  we  have 

1556/'l :  237".6 ::  1 :  tang.  HMM'=8«  40'53  ", 
ooR.  HUU' :  1 ::  1556".l  a574".l=the  bouriy.  motion  in  orbit. 
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Hence  MSC = 89°  15'  49", 

M'SC=89ol3'50". 
In  the  trian^e  USC, 

1:  SM  =  1876".7;:oo8.  MSC :  SC=24".l. 
The  moon's  semi-diameter  at  9h.  10m.  is  14'  53". S ;  Qua  in^ 
mentatioD  far  altitude  is  7"S ;  the  son's  aemi-diameter  is  19' 
48".9;  making  SB =1849".6. 

In  the  same  manner  we  obtain  SE  =1843"^. 
In  the  triangle  BSC, 

1849".6:24".l::l:oo8.  680  =  89°  IS'  10". 
Hence  BSM=39". 

sin-  SBM:SM=1876".7::3in.  BSM:BM=27"J8. 
The  time  of  describing  BM=62.28. 
In  the  triangle  ESC, 

1843".5 :  24".l : :  1 :  cos.  ESC  =89°  15'  1". 
Hence  ESM'  =  1'  IX". 

sin.  SEM':SM'=1796".6::8m.  ESM':EM'=47".3. 
The  time  of  describing  EU'  =  108.1s. 
Henee  the  eclipse  begins  at  .  4h.  26m.  32s. )  CamWidge 
"      ends    "  .  .  6h.  47m.  18s. )  mean  time. 
At  the  b^inning,  the  angle  of  the  moon's  centre  from  nocA 
toward  east  is  262'^  4'. 

At  the  end,  the  angle  of  the  moon's  centre  from  north  towvd 
east  is  80=  34'. 

(Sn?.)  As  the  computation  thos  far  indicates  that  this  edipn 
will  bo  anmilar,  it  is  important  to  determine  precisely  the  tim 
of  formation,  and  also  of  the  rupture  of  the  ring.  In  doing  thit, 
we  can  not  assnme  that  the  moon's  path  from  9h.  10m.  tu  Ilk 
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30m.  is  a  straight  line*  By  inspecting  Table  XVI.,  we  shall  see 
that  the  parallax  in  right  ascension  increases  with  the  hoar 
angle  until  this  angle  becomes  six  hours ;  and  after  that  it  di- 
minishes. Now  at  the  middle  of  this  eclipse,  the  moon's  hour 
angle  is  very  nearly  6  hours ;  so  that  the  parallax  in  right  as- 
cension is  greater  for  the  middle  of  the  eclipse  than  for  either 
the  beginning  or  end.  We  must,  therefore,  make  an  independ- 
ent computation  for  a  time  near  to  the  middle  of  the  eclipse, 
which  we  will  assume  at  lOh.  20m.  Greenwich  time. 

Pro(^eeding  as  heretofore,  we  find  the  moon's  relative  parallax, 
reduced  to  the  latitude  of  Cambridge,  to  be  54^  18^^2,  and  the 
moon's  hour  angle  84^  0^  47^^.5,  whence  we  obtain  the  following 
results: 


For  lOh.  aOm.  Greenwich  Time.            | 

Moon's  true  place 

Moon's  parallax 

Moon's  apparent  place .  .  .  ; 
Sun's  nlace 

R.  A. 

4  16    3.54 
2  52.54 

Dee. 

21  44  50.5  N. 
32  34.3 

4  13  11.00 
4  13  21.64 

21  12  16.2. 
21  11  52.9 

Difference 

Reduced  to  seconds  of  arc .  . 

10.64 

148.8 

23.3 
23.3 

// 


In  the  annexed  figure,  let  MA 
represent  a  portion  of  the  moon's 
relative  orbit  on  a  much  larger 
scale  than  the  former  figure ;  let 
SE  represent  148^^8,  and  RM 
23^^3. 

Then,  in  the  triangle  SMR, 

23^^3: 148^^8  ::1:  tang.  SMR=81o  6'  V  , 

sin.  SMR :  148^^8 ::  1 :  SM=:  150^^6. 

The  angle      MSC  =  SMR-ASC=72<^  25^  8'^ 

1 :  SM ::  COS.  MSC :  SC=45'^5, 
•  1 :  SM : :  sm.  MSC :  CM = 143^^6. 

The  time  of  describmg  CM = 328.3s. 

Hence  the  nearest  approach  of  the  centres  of  the  sun  and  moon 
is  at  5h.  40m.  58.3s.  Cambridge  mean  time. 

The  semi-diameter  of  the  sun  is  15^  48^^9 ;  the  augmented 
semi-diameter  of  the  moon  is  14^  57^^.6 ;  difference,  51^^3.  The 
least  distance  between  the  centres  of  the  sun  and  moon  is  45''^.5. 
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Hence  the  eolipee  will  be  annolmr.  To  find  ihe  timfis  ollaaa^ 
tion  and  mptoie  of  the  ring,  with  S  as  a  centre,  and  a  ndin 
equal  to  SV^Ji^  describe  an  arc,  cutting  the  moon's  pa&  infte 
points  B  and  E,  ^diich  will  represent  the  points  lequirsd. 

Then,  in  the  triangle  SCB, 

SB :  1 ::  SC :  COS.  BSC=:27o  SZ', 
1 :  SB ::  sin.  BSC :  BC=23'^7. 

The  time  of  describing  BC  =:542s. 

Hence  the 

Formation  of  the  ring  is  at  •  •  dh.  40m.    is. )  Cambridgs 

Rupture  of  the  ring  is  at  •  .  .  5h.  41m.  521b.  )  mean  time. 

The  preceding  computations  were  all  in  type  in  1858, 'baft 
owing  to  the  destruction  of  the  stereotype  plates  by  fire  in  D^ 
cember  of  that  year,  it  became  necessary  to  re-cast  the  lentiit 
volume,  and  thus  its  publication  has  been  delayed  until  afior 
the  occurrence  of  the  eclipse.  The  eclipse  could  not  be  obwawd 
at  Cambridge  on  account  of  the  interference  of  clouds.  The  iii> 
stants  of  first  and  last  contact  observed  at  New  York  and  Wash- 
ington differed  but  a  lew  seconds  £rom  the  time  compated  from 
the  Tables. 


Section   III. 

0CCULTATI0X8    OF   STARS    BY    THE   MOON. 

(268.)  Occultations  of  stars  by  the  raooa  may  be  computod 
in  the  same  manner  as  eclipses  of  the  sun,  the  only  differenee 
in  the  operation  consisting  in  this,  that  the  star  has  neither  tuh 
tion,  parallax,  nor  semi-diameter.  These  circumstances  render 
the  computation  of  an  occultation  more  simple  than  that  of  an 
eclipse. 

Ex.  1.  It  is  required  to  find  the  times  of  immersion  and 
emersion  of  a  Tauri,  Jan.  23,  1850,  at  Cambridge  Obserfatory, 
latitude  42°  22'  48'^  longitude  4h.  44m.  30s.  W.  of  OreenwioL 

The  Greenwich  mean  time  of  apparent  conjunction,  acondiiig 
to  the  Nautical  Almanac,  is  12h.  41m.  498.  We  will,  theiefara^ 
select  12h.  and  13h.  as  the  two  hours  of  computation  fi>r  the  fint 
approximation. 

For  these  times  we  find  the  following  data : 
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For  13h.  Greenwich  Time. 

For  13h.  Greenwich  Time.    | 

Mooii*f  true  place 

Ifoon'i  parallax 

Mooii*a  apparent  place. . . 
Smi'f  i^ace 

R.A. 

4  25  36.22 
47.06 

Dec 

16  30    4.1  N. 
26  42.7 

R.A. 

M*       ffW«                 Mm 

4  28    4.53 
0.47 

Dee. 

16  36  33.2  N 
26  13.2 

4  26  23.28 
4  27  19.54 

16     3  21.4 
16  12    3.4 

4  28     5.00 
4  27  19.54 

16  10  20.0 
16  12    3.4 

56.26 
811.0 

8  42.0      1           45.46 
521.6      1         654.9 

1  43.4 
103.1 

Rednced  to  seconds  of  arc 

The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  12h.,  is  59^  WJ& ;  at  13L  it  is  59^  46^^6.  The 
moon's  hour  angle  at  12h.  is  14^  34'  4''.8  east ;  at  13h.  it  is  0"^ 
S'  41''.5  east  of  the  meridian,  from  which  we  compute  the  par- 
alliixes  as  above. 

The  hourly  motion  in  right  ascension  is  1465^^9,  and  that  in 
dedination  418^^.5. 

Let  S  represent  the  position  of  the  star.  Take  SR= 811^^0, 
RM= 521^^6 ;  then  M  will  be  the  position  of  the  moon's  centre 
at  12h.  Take  SP = 654^^9,  PM' = 103'M ;  then  M'  will  be  the 
position  of  the  moon  at  13h.,  and  MM''  is  the  mbdn's  relative  orbit 


Then^  in  the  trian^e  SDM,  we  have 

62r^6:8ir^0::l:tang.  DSM=67o  15' 9^^ 
sm.  DSM : Sll'^O::  1 :  SM=964''.3. 
In  the  triangle  HMM'9 

1465''.9 :  418''.5 ::  1 :  tang.  HMM'= 15°  56'  V% 
008.  HMM' :  1 ::  1465".9 :  MM'= 1524".5, 
Qie  faoorly  motion  of  the  moon  in  its  orbit 
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Henoe  MSC=73o  11'  W. 

In  the  triangle  MSC, 

1 :  964^^3 ::  oos.  MSC :  SC=278'^9. 
The  radius  of  the  moon  at  12h.  30m.  is  978'^6 ;  the  aug- 
mentation for  altitude  is  15''.3;  making  BS=993'^9. 

In  the  triangle  BSC, 

993^^9 :  278^^9 : :  1 :  cos.  BSC = 73°  42'  7'\ 

Hence  BSM=     0°  30^  57'', 

ESM=146o53^17", 
sin.  SBxM :  964".3 ::  sin.  BSM :  BM=30".9, 
sin.  SEM :  964".3 : :  sin.  ESM :  EM  =  1876".a 

The  time  of  describing  BM=:lm.  13s. 

The  time  of  describing  EM=lh.  13m.  52s. 

Hence  the 

Immersion  takes  place  at .  .  .  7h.  14m.  17s. )  Cambridge 

Emersion  takes  place  at   .  .  .  8h.  29m.  22s.  (  mean  time. 

(269.)  As  one  of  the  times  selected  for  computation  was  r&j 
near  the  instant  of  immersion,  it  is  probable  that  the  pieoediog 
result  for  immersion  is  pretty  accurate.  For  the  sake  of  verifi- 
cation, we  will,  however,  repeat  the  entire  computation  for  121^, 
and  13L  15m.,  Greenwich  mean  time. 
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For  ISh.  OrBenwidi  Time. 

For  ISh.  15in.  Greenwich  Time.) 

Moon*!  true  place 

Moon*!  parallax 

Moon*a  apparent  place . . . 
Sun*!  place 

R.A. 

4  25  36.22 
47.06 

Dee. 

16  30    4.1  N. 
26  42.7 

R.A. 
h.  m.      «. 
4  28  41.66 
11.31 

Dee. 

16  38    9.5  N 
26  13.2 

4  26  23.28 
4  27  19.54 

16    3  21.4 
16  12    3.4 

4  28  30.35 
4  27  19.54 

16  11  56.3 
16  12    3.4 

T)ifierfiTi<?e  r 

56.26 
811.0 

8  42.0 

1  10.81 

7.1 
6.3 

Reduced  to  seconds  of  arc 

521.6 

1019.9 

The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  iSh.  15m.,  is  59^  47^^.0 ;  and  the  moon's  hour  an- 
gle is  3°  27'  38^^.4  west,  from  which  we  obtain  the  parallaxes 
as  above.  The  hourly  motion  in  ^ht  ascension  is  1464^^.7,  and 
in  declination  412^^2. 
Hence,  in  the  triangle  HMM', 

1464^^7 :  412^^2 ::  1 :  tang.  HMM'= 15°  43'  9^^ 
COS.  HMM' :  1 : :  1464''.7 :  MM' = 1521".6, 
the  hourly  motion  of  the  moon  in  its  orbit 
Hence  MSC=72o  58'  18", 

1 :  964".3 ::  cos.  MSC :  SC=282".4. 

The  radius  of  the  moon  at  12h.  is  978".3 ;  at  13h.  15m.  m 
979".0.  The  augmentaticm  at  12h.  is  15".l ;  at  13h.  15m.  is 
15^^5.    Hence  SB = 993".4,  and  SE = 994^5. 

993".4:282".4::l:cos.  BSC=73o  29'  6". 
Hence  BSM=0°  30'  48'^ 

sin.  SBM :  964".3 ::  sin.  BSM :  BM=30".4. 

The  time  of  describing  BM= 71.9s. 

6".3 :  1019".9 ::  1 :  tang.  DSM'=89«^  38'  46", 
sin.  DSM' :  1019".9 ::  1 :  SM'=1019".9. 
Hence  M'SC=73o  55'  37", 

994".5 :  282".4 : :  1 :  cos.  ESC = 73°  30'  14". 
Hence  ESM'=Oo  25'  23", 

sin.  SEM' :  1019".9 ::  sin.  ESM' :  EM'=26'^5. 
The  time  of  describing  EM' =62.78* 
Hence  the 

Immersion  takes  place  at .  .  .  7h.  14m.  18s. )  Cambridge 
Emersion  takes  place  at   .  .  .  8h.  29m.  27s.  )  mean  time, 
whidi  results  are  almost  identical  with  those  first  obtained. 

The  angle  of  position  of  the  point  S,  referred  to  the  moon's 
centre  at  immersion,  and  measured  from  the  north  toward  east, 
is  KBS,  which  equals  DSB  or  CSB-CSD. 
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The  angle  of  poaitioa  of  the  point  8  at  emersiony  measond 
{rem  the  north  toward  west,  is  LES,  which  equals  DSE,  or  CSB 
+CSD.  But  if  the  angle  be  measured  from  north  towazd  eiit, 
which  is  the  usual  method,  it  is  360^— DSE. 

Hence  at  immersion  the  angle  of  position  of  the  star  is  58^ 
from  the  north  point  of  the  mcon^s  limb. 

At  emersion  the  angle  of  position  of  the  star  is  271^  frcm  tbe 
north  point. 

(270.)  These  results  are  doubtless  ccNrrect  within  one  or  tm 
seconds,  according  to  the  moon's  places  given  in  the  Tables;  lot 
it  is  not  to  be  supposed  that  these  times  are  absolutely  reliiUB 
to  this  degree  of  accuracy.  Burckhardt's  tables  of  the  nKU 
frequently  exhibit  errors  of  15^^,  and  occasionally  of  2Sy\  Kov 
an  error  of  30^^  in  the  moon's  place  would  cause  an  error  of  man 
tlian  one  minute  in  the  computed  time  of  occultation.  Howem 
accurately,  therefore,  the  computations  are  performed,  the  renk 
may  be  found  enpneous  by  half  a  minute  of  time,  and  ooctMOfr 
ally  even  more  than  a  minute.  For  simple  purposes  of  ohserfi- 
tion,  therefore,  there  is  little  advantage  in  making  the  compota- 
tions  with  the  precision  which  is  here  attempted,  and  we  my 
generally  be  content  with  the  results  of  the  first  approximatiflB. 
Indeed,  if  we  take  the  parallaxes  directly  from  a  table,  like 
Table  XVI.,  and  make  a  careful  geometrical  cdkistruction  wrtk 
scale  and  dividers,  we  may  generally  obtain  the  time  of  begio- 
ning  and  end  of  the  occultation  within  a  minute  of  the  tndu 
which  is  quite  sufficient  to  guide  the  astronomer  in  observing  as 
immersion.  For  an  emersicHi,  it  is  desirable  to  know  the  time 
as  accurately  as  possible,  in  order  that  the  eye  of  the  obsener 
may  not  be  fatigued  by  too  long  watching  for  the  phenoow- 
non. 

Ex,  2.  It  is  required  to  find  the  time  of  immersion  and  eroer 
5<ion  of  y  Virginis,  January  9, 1855,  at  Washington  Obserratujt 
latitude  38^  53^  39^'  N.,  longitude  5h.  8m.  lis.  W.  of  Greenwich, 
from  the  following  data : 

Jan.  10.  Oh.  Gr.  Mem  Time.  Jan  10,  111.  Gr.  MMif*' 


Moon's  right  ascension  .  . 
Moon's  declination  .  .  .  . 
Jkloon's  equatorial  hor.  par. 
Moon's  true  semi-<liameter 


12h.  35m.  12.33s. 

0^    5' 32^^38. 

55'  32'^8 

15'  10' .1 


12h.  37m.  2.8k 
Oo  19'36".2& 
55'34".4 
15'  10".6 
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Right  ascension  of  y  Yirginis,  12h.  34m.  18.43s. ;  declination, 
0°  39'  12'M  south. 

Sidereal  time  of  mean  noon  at  Washington,  January  9, 19h. 
14m.  40.33s. 

Ans,  ImmersioUi  18h.  17m.  34s.  Washington  mean  time. 
Emersion,    19h.  36m.  45s.  "  «       " 

Aiigle  of  position  of  star  116^,  from  north  point  toward  east, 
it  immersion. 

Angle  of  position  of  star  322^,  from  north  point  toward  east, 
at  emersion. 


Section  IV. 
bessel's  method  of  computing  solar  eclipses. 

(271.)  Bessel  has  devebped  the  complete  theory  of  eclipses  in 
tiie  second  volume  of  his  Astronomical  Researches.  We  propose 
to  exhibit  the  inain  points  of  this  theory,  together  with  its  appli- 
oatioQ  to  the  determination  of  geographical  longitudes. 

Let  S  represent  the  centre  of  the  sun,  M  that  of  the  moon,  E 


Fig.  I. 


Unit  of  the  earth,  and  0  the  plaoe  of  the  observer  on  the  earth's 
mirfiuse.  The  Umbs  of  the  sun  and  moon  will  appear  to  be  in 
contact  when  the  point  0  is  situated  on  the  surface  of  the  cone 
which  circumscribes  these  two  bodies.  There  are  two  such  cir- 
cumscribing cones.  One  of  them,  VTV^,  has  its  vertex  at  T, 
between  the  centres  of  the  sun  and  moon ;  the  other,  YT^^,  has 
its  vertex,  T^^'in  the  prolongation  of  the  line  MS,  on  the  side  of 
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the  moon  which  is  opposite  to  the  sun.  If  the  point  0  is  8iti» 
ted  on  the  surface  of  the  first  cone,  on  observer  at  0  will  witDM 
the  external  contact  of  the  disks  of  the  sun  and  moon ;  hot  if  0 
is  on  the  surface  of  the  second  cone,  the  observer  will  see  the  in- 
ternal contact  of  the  disks. 

(272.)  In  order  to  obtaiA  the  equation  of  this  oonioal  snrboe, 
let  us  conceive  a  system  of  three  rectangular  axes,  whose  origm 
is  at  E,  the  centre  of  the  earth.  Let  tiie  axis  of  z,  or  EZ,  le 
drawn  parallel  to  the  Une  MS,  which  joins  the  centres  of  the  sob 
and  moon.  We  will  assume  that  the  positive  direction  of  this 
line  is  that  which  proceeds  firom  the  moon  to  the  sun,  and  tbo 
that  the  positive  end  of  the  axis  EZ  corresponds  to  a  point  of  tbo 
celestial  sphere  whose  right  ascension  is  A  and  declinatioii  D. 
Also,  we  will  suppose  that  the  axis  of  ^,  or  E  Y,  lies  in  the  plaDB 
which  passes  through  EZ  and  the  north  pole  of  the  equator,  ml 
that  the  positive  end  of  this  axis  is  directed  toward  a  point  of 
the  celestial  sphere  whose  right  ascension  is  A,  and  whose  deo> 
lination  is  90^ + D.  The  third  axis,  or  the  axis  of  2:,  is  the  line 
EX,  which  is  perpendicular  to  the  plane  of  the  hour  circle  ZET, 
and  lies  in  the  equator,  at  the  distance  of  90^  firom  the  interaeo- 
tion  of  the  equator  with  the  hour  circle  ZE  Y.  The  declinttiao 
of  each  end  of  this  axis  will  be  zero ;  and  for  its  positive  diroo- 
tion,  we  will  assume  that  which  corresponds  to  a  right  asoensioB 
of  90^ + A.  We  accordingly  assume  that,  when  referred  to  tlifr 
centre  of  the  earth. 

The  co-ordinattM  Dttermmt  the  pasUiom 

Xj  y^  and  z^      of  the  centre,  H,  of  the  moon ; 

x^,  ^,  and  z\     of  the  centre,  S,  of  the  sun ; 

^,   «7,  and  <,      of  the  point  0,  or  the  place  of  the  observer. 
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Also,  let  Gr=the  line  MS,  or  the  distance  from  the  moon  to 

the  sun ; 
«        /=the.  angle  OTM,  or  OT'M,  which  the  axis  of  the 

cone  forms  with  its  side ; 
'^        5= the  perpendicular  distance  of  the  vertex  of  the 
cone  from  the  plane  YEX. 
Since  the  axis  EZ  is  parallel  to  the  line  MS,  we  have 

a/=x,  y^=y,  and  s/=z+G (1) 

(273.)  If  now,  firom  the  vertex  of  the  cone  T,  and  from  the 
point  0,  we  draw  the  lines  TQ  and  OB  perpendicular  to  the 
plane  XEY ;  also  the  lines  QL  and  BI  in  this  plane,  perpendic- 
ular to  the  axis  EY ;  and  the  line  IR,  parallel  to  the  line  BQ, 
we  diall  have 

0B=<,  EI=^,  BI=|;  TQ=5,  EL=y,  QL=a;; 

IL=y-^,  and  RL  =  QL-QR=QL-BI=a;-f 

Draw  the  plane  NOK  parallel  to  the  plane  YEX,  and  passing 

through  0,  the  place  of  the  observer.     In  this  plane  draw  the 

lines  ON,  OH  parallel  with  the  axes  EY  and  EX ;  let  the  line 

MS  produced  meet  the  plane  OHN  in  K,  and  draw  KN  perpen- 

dioolar  to  ON.    Then  we  shall  have  

KN=RL=a;-|;  ON=IL=y-i7,andOK=\/(a;-^)»+(y-^)^ 
In  the  triangle  TOK,  right-angled  at  K,  we  have 

tang./=tang.  OTK=^;  and  TK=TQ-KQ=s-^. 

Therefore     (a;-|)2+(y-i7)^=(s-^Mang.V   ....  (2) 

This  equation  corresponds  to  the  conical  surface  in  the  case 
of  an  external  contact.  A  similar  one  may  be  deduced  for  the 
ccmical  shadow  in  the  case  of  an  internal  contact. 

(274.)  Since  both  the  sun  and  moon  are  sensibly  spherical,  we 
may  represent  the  radius  of  the  moon  by  Ar,  and  that  of  the  sun 
by  k".  Then,  from^  the  similar  triangles,  MTW  and  STY,  right- 
angled  at  W  and  Y,  we  shall  have 

ST:SV::MT:MW. 

Also,  ST+TM=G. 

And  ST.sin.  STV=SV, 

MT.sin.  MTW=MW. 

But       STV=MTW=//  ST=;?^-5/  MT=5-3r. 

Consequently, 

z''^s:k'::S'-z:k;  and  G  sm. /=&'+*. 
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Consider  now  the  conioal  sor&ce  whidh  corresponds  to  tlie  in- 
ternal contact,  and  whose  vertex  is  at  T^  Fiff.  2.     In  this  case 
we  shall  have 
T^M  =  QM-QT^=z-5/  T'S=3r'-5,  and  MS=T'S-T'M=G. 

But 

rS.sin.VrS=SV=ife^;  rM.sin. WiyM  =  MW=ifc. 

Consequently,  in  the  case  of  an  internal  ccmtact,  we  dull 

have 

z^—sikfllz—sik ;  and  G  8in./=ife^— A:. 

Hence,  by  redaction,  we  obtain  for  an  external  contact, 

zk'+z'k       ,    .      .    k'+k 
5= ■ ,  and  suL  r= — = — . 

Also,  for  an  internal  contact, 

5= ,  and  sm.  f= . 

(275.)  It  remains  to  consider  in  what  cases  the  angle /is 
acute,  and  when  obtuse.  For  an  observer  at  the  point  0,  oi 
the  earth's  surface,  the  vertex  of  the  ccmical  shadow  may  be 
situated  either  on  the  same  side  of  the  heavens  as  the  eettpsDi 
body,  or  on  the  opposite  side.  The  first  case  always  happens  it 
an  external  contact,  and  also  at  an  internal  contact  in  an  anno- 
lar  eclipse.  The  vertex  of  the  conical  shadow  is  then  found  ei- 
ther at  T,  Fig.  1,  or  at  T'%  Fig.  3.    The  second  case  happem 


when  the  eclipse  is  total,  and  the  contact  an  internal  coe;  in 
which  case  T%  Fig.  2,  is  situated  on  the  side  of  the  obeerrar, 
which  is  opposite  to  the  sun.  If,  then,  we  reckcm  the  an^/ 
which  the  axis  of  the  cone  forms  with  its  side,  always  in  tte 
same  direction,  we  shall  have  /=OTQ,  Fig.  1,  or  /=(WMl, 
both  of  which  angles  are  acute;  and/=OT'Q,  Fig.  2,  ulikk 
is  an  obtuse  angle.  Hence  we  see  that  for  an  external  contiet 
the  angle  /  is  always  acute,  and  also  for  an  internal  contMt  ia 
annular  eclipses ;  but  for  an  internal  contact  in  total  ecfipses 
this  an^  is  obtuse. 
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(376.)  We  will  now  eliminate  5  and  tang./  from  equation  (2), 
by  employing  the  values  just  found. 

cos.V=l-8in.V=^^^^^§^, 

tang.V=gE:!/=     (^=^*^)^    . 
Hence 

„    (._j).+„_,).=!*fca_^^ ,3) 

where  the  sign  +  belongs  to  the  external,  and  —  to  the  internal 
contacts. 

For  convenience,  let  us  put 

By  substituting  z+G-  for  jsr^  in  equation  (3),  we  obtain 

(x-iy+(f/-vy={l-iir (5) 

Comparing  this  equation  with  equation  (2),  we  see  that 

/=5  tang./; 
and  this  represents  the  radius  of  the  circle  formed  by  the  in- 
tersection of  the  conical  shadow  with  the  plane  which  passes 
through  the  centre  of  the  earth,  and  perpendicular  to  the  axis 
d  z. 

(277.)  We  will  now  show  how  the  values  of  x,  f ,  y,  %  /,  i,  and 
4  may  be  computed  with  the  assistance  of  an  ephemeris.  For 
ihiB  purpose,  conceive  a  new  system  of  rectangular  axes  inter- 
seoting  each  other  at  the  centre  of  the  earth.  Let  £Z,  the  new 
axis  of  jT,  be  directed  toward  the  north  pole  of  the  equator ;  let 
EX,  tiie  new  axis  of  a;,  be  situated  in  the  equator,  and  directed 
toward  a  point  of  the  heavens  whose  right  ascension,  a%  is  equal 
to  that  of  the  sun  from  the  earth.  Let  E  Y,  the  axis  of  ^,  be 
directed  toward  a  point  of  the  equator  whose  right  ascension  is 
90^ +a^;  and  also,  let  these  directions  correspond  to  the  posi- 
tive side  of  the  co-ordinate  axes.  Let  a,  d,  and  r  represent  the 
true  right  ascension,  declination,  and  the  distanoe  of  the  moon's 
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centre  from  that  of  the  earth ;  and  let  a'',  d",  and  R  repwaeul 
the  same  quantities  for  the  smi's  centre,  where  r  and  B  are  aop' 
posed  to  re£sr  to  the  same  unit  of  length. 

Let  M  represent  the  centre  of 
the  mocm,  andfiromitlet&ll  np(m 
the  plane  XE  Y  the  perpendicular 
MN=r.  From  its  extremity  N, 
upon  the  line  EX,  let  &11  the  per- 
pendicular NB=y,  and  represent 
EE  by  X. 

Then,  in  the  triangle  EMN, 
ri^t-angled  at  N,  the  side  EM 
=  r;  MN  =  r/  and  the  angle 
MEN,  which  represents  the  in- 
clination of  the  line'  EM  to  the 
equator,  is  =d. 

Hence  EN=r  cos.  <5;  and  zz=r  sin.  6. 

Also,  in  the  triangle  ENR,  right  angled  at  B,  the  angle 

NER=a-a'. 

Hence 

NR=y=EN  sin.  {a'-a^)=r  cos.  6  sin.  (a^a^); 
and  ER=a;=r  cos.  6  cos.  {a—a'). 

That  is,  we  find  the  co-ordinates  of  the  moon's  centre, 

parallel  to  the  new  axis  of  c,  to  be  r  sin.  d ; 

y,     "     r  COS.  6  sin.  (a-^a^)] 
Xj     "     r  COS.  6  COS.  {a— a'). 

In  the  same  manner,  since  the  axis  of  x  has  the  same  fi(^ 
ascension  as  the  sun's  centre,  the  co-ordinates  of  the  sun 

parallel  to  the  axis  of  z  will  be  R  sin.  6' ; 

y      "      0; 


(( 


(( 


(( 


(( 


(( 
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u 


X 


"      R  COS.  6\ 


(278.)  If  we  transfer  the  origin  of  co-ordinates  to  the  eentn^ 
M,  of  the  moon,  so  that  the  axis  of  z  shall  be  directed  towiii 
the  pole,  the  axis  of  x  toward  a  point  whose  right  asoenskm  v 
a' J  and  the  axis  of  p  toward  a  point  whose  right  ascension  v 
90^ +a^,  these  co-ordinate  axes  will  be  parallel  with  those  beCvB 
mentioned,  and  we  shall  have  for  the  oo-ordinates  of  the  centie 
of  the  sun  referred  to  the  mooui 
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parallel  to  the  new  axis  of  z,        G  sin.  D  ; 

«  "  y,         G  COS.  D  sin.  (A-a^  ; 

"  «  X,        G-  COS.  D  COS.  (A-aO, 

since  the  right  ascension  of  the  sun's  centre,  seen  from  that  of 

the  moon,  is  A,  its  declination  is  D,  and  its  distance  is  G  (see 

page  264). 

Hence  we  have 

Gr  sin.  D=R  sin.  d^— r  sin.  d, 

Q-  cos.  D  sin.  (A— a^)=  — r  cos.  6  sin.  (a—a^), 

G  COS.  D  COS.  (A— a^)  =  R  cos.  d^— r  cos.  6  cos.  (a—a^). 

G  r 

Dividing  each  equation  by  B,  and  putting  -^^gy  and  ^^e^ 

we  shall  have 

g  sin.  D=sin.  d^—c  sin.  d,  \ 

g  COS.  D  sin.  (A— a^)  =  — e  cos.  d  sin.  {a^a'\  >  .  (6) 

^  COS.  D  COS.  (A— a^)=cos.  d^— e  cos.  d  cos.  (a— a'),  ) 
firom  which  A,  D,  and  g  may  be  computed.     Dividing  the  sec- 
ond of  these  equations  by  the  third,  we  obtain 

.         , .        ,v  e  COS.  d  sin.  (a~'a'\ 

tang.  (A — a  )  = ^ 

COS.  d'— e  COS.  d  cos.  {p.-'Of) 

_        c  COS.  d  sec.  d^  sin.  {a^a'^ 
1— c  COS.  d  sec.  6'  cos.  (a— a^* 
Dividing  the  first  equation  by  the  third,  we  obtain 
^  T)__(8in.  d'— c  sin.  d)  cos.  (A— a^) 

^^'      "~  COS.  d'— c  COS.  d  COS.  {a—a!)  ' 
Also,  £rom  equation  third, 

_cos.  d'— e  COS.  d  COS.  (a— a') 
^"~         COS.  D  COS.  (A— a^) 
In  solar  eclipses  the  value  of  A— a^  never  exceeds  a  few  sec- 
onds, and  its  cosine  differs  firom  unity  by  a  firaction  which  is  in- 
aj^nreoiable  in  the  first  seven  decimal  figures ;  and  therefore  the 
factoft  COS.  (A— a^),  in  the  last  two  formulas,  may  be  suppressed. 
(279.)  The  preceding  expression  for  the  value  of  D  may  be 
oonverte^  into  an  expression  for  the  value  of  D— d^  by  omitting 
tihe  fBLotor  cos.  {a—a^),  which  in  a  solar  ecUpse  differs  but  Uttle 
firom  unity. 

By  Trig.,  Art.  77,  we  have 

tang.  (A-B)=  ^g'  ^"'^g'  °  . 
"»^-VA    ^)     i+tang.Atang.B 
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Hence 


taiig.(D-4l^= 


sin.  &^~t  sin.  6 
oo8.&^e  O08.  6 


tang.  ^ 


008.  d^— eco8.d 


That  is, 


_^      sin.  d'— e  sin.  d— sin.  d'+e  cos.  3  tang,  d^ 
^cos.  d^— «  008.  d+sin.  d'  tang,  d^— e  sin.  d  taq^d' 

_^  —c  sin,  d  COS.  d^+e  cos,  d  sin,  d^ 

^cos.'  d"— e  COS.  d  COS.  d^+sin.'  d^— e  ain^  d  aia.  d"' 

tang.  (D-d  )-j^^^^^^^j. 

Bat  since  d'—d^  is  a  small  arc,  we  may,  without  material  enor, 
sabstitate  the  arc  for  its  sine,  and  we  may  also  use  the  am 
D-d'  instead  of  its  tangent,and,ne^ectingtbB  factor  coB.(d-#)i 
we  obtain 

1— e 

In  the  same  manner,  we  obtain 

e  COS.  d  sec.  ^  (a— o^) 


A=a'- 


Also, 


ff= 


1— e  COS.  dsec  d^ 
1— «  COS.  d  sec.  d' 


COS.  D  sead^ 

or  g^=  1 — e,  very  nearly. 

(280.)  In  order  to  compute  Xy  y,  ete.,  we  must  return  to  oar 

original  system  of  co-ordinates,  page  264.     Conceive  about  die 

point  E  a  sphere  to  be  described  with  any  radius  at  pleMoer 

and  let  M  represent  the  nooon'splMO 

upon  this  sphere.     Let  P  repraenl 

the  pole  of  the  equator,  and  letZ|T, 

X  represent  the  points  where  lUi 

sphere  is  intersected  by  the  pcaitili 

ends  of  the  above-mentioiied  axBi 

In  this  system,  the  point  P  wiD  fis 

in  the  plane  of  the  great  circk  ZY; 

and  the  points  M,  Z,  Y,  and  X  wiD 

be  determined  respectively  by  die 

right  ascensions  and  declinatiooi* 

and  d,  A  and  D,  A  and  90^+A 
90^+AandOo. 
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The  oo-ordinates  z,  y^  and  x  of  {he  point  M,  in  respect  to  E, 
taken  parallel  to  the  above-mentioned, axes,  are  equal  to  the  pro- 
jections of  the  Une  EM=r  on  these  axes,  or  to  the  products  of 
the  line  EH,  by  the  cosines  of  the  arcs  ZM,  YM,  and  XM.  The 
cosines  of  these  arcs  may  be  derived  from  the  spherical  triangles 
ZPM,  YPM,  and  XPM,  in  which  the  side  ZP =90^-0,  MP 
=90o-i5,YP=D,XP=90o;  also,  the  angle  ZPM = A- a,  YPM 
=  180o-(A-a),  and  XPM=90<^+A-a. 

Hence,  by  Spherical  Trigonometry,  Art  225,  we  obtain 
z^r  [sin.  D  sin.  d+cos.  D  cos.  6  cos.  (a— A)],  ) 
y=r  [cos.  D  sin-  d— sin.  D  cos.  6  cos.  (a— A)],  (  .  .  .  (7) 
a:=r  cos.  6  sin.  (a— A).  ) 

,The  above  expression  for  the  value  of  ^  is  subject  to  the  in- 
coiivenience  of  furnishing  y  by  means  of  the  difference  of  two 
large  numbers.  We  may,  however,  easily  transform  it  into  an- 
other which  is  free  from  this  inconvenience. 

Since  cos.  a:  =  cos.*  ix  — sin.*  Ja;/  that  is,  cos.  (a— A)  = 
COS.*  i(a— A)— sin.*  J(a— A),  and  sin.*  a:+cos:* ar=l,  by  substi- 
tution and  reduction  we  obtain 

z-r  [cos.  (d-D)  COS.*  i(a-A)-cos.  (d+D)  sin.*  i(a-A)], 

y=r  [sin.  (d-D)  cos.*  i(a-A)+sin.  (d+D)  sm.*  i(a- A)]. 

(281.)  Having  thus  computed  2r,  y,  and  x^  we  can  find  2%  y\ 
and  af  by  the  following  expressions : 

z^^zz+Q-j  y^=yy  and  a/=x. 

Conceive  now  that  M  in  the  preceding  figure  no  longer  repre- 
aeots  the  moon's  centre,  but  the  geocentric  zenith  of  the  observ- 
ir ;  the  declination  of  the  point  M  will  then  be  equal  to  <t>%  or  the 
gaooentric  latitude  of  tiie  {^ce  of  observation ;  and  its  right  as- 
eension  will  be  equal  to  ^,  the  sidereal  time  of  the  observer  ex- 
piesBed  in  degrees.  If,  then,  we  represent  the  distance  of  the 
observer  from  the  centre  of  the  earth  by  p,  we  shall  obtain  the 
values  of  ^,  97,  and  |  firom  equations  (7),  by  substituting  p,  fij  and 
^m  [dace  of  r,  a,  and  d.    We  thus  obtain 

<=p  [sin.  D  sin.  ^""+006.  D  cos.  (f/  cos.  (/»— A)], ) 

i|=sp  [cos.  D  sin.  ^— sin.  D  00s.  (j/  cos.  (^— A)],  /  .  .  (8) 

f =p  COS.  0'  sin.  (ji—A).  / 

(282.)  The  unit  to  which  the  lengths  of  the  lines  r,  R,  apd  p 
aie  referred  is  entirely  arbitrary.  Bessel  has  chosen  for  this  unit, 
as  being  roost  convenient  for  computation,  the  equatorial  radius 
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of  the  earth.  If  we  represent  the  moon's  equatorial  horixootil 
parallax  by  tt,  the  sun's  mean  horizontal  pardlax  by  ^,  and  the 
distance  from  the  centre  of  the  earth  to  that  of  the  son  hj  r", 
expressed  as  in  the  solar  tables,  where  the  mean  distance  of  Ae 
earth  from  the  sun  is  considered  as  unity ;  then,  if  the  eqoib' 
rial  radius  of  the  earth  be  taken  as  unity, 

1  r' 

r=-: ,  and  R=— 


sm.  n  sm.  71^ 

Let  H  represent  the  mean  radius  of  the  sun,  or  the  qpparol 
radius  of  the  sun's  disk  at  the  distance  r^=l ;  then  the  lineir 
radius  of  the  sun,  or  k^j  the  equatorial  radius  of  the  earth  being 
taken  as  unity,  will  be  represented  by 

A'=?i^ (9) 

sm.  t/  ^ 

Consequently,  for  all  eclipses  of  the  sun  we  shall  haTB 

sin.  tt'  G  .  sin.  ?/  "1 


sin.  tt'        r'sin.  n  r" 

-    sin.  H±A:  sin.  tt' 
sm.  /= 


(10) 


5.tang./=/=3rtang./±Ar  sec./, 
where  the  sign  +  applies  to  an  external  contact,  and  —  to  an  in- 
ternal contact. 

(283.)  The  numerator  of  the  expression  for  sin.  /  is  constuit 
for  all  eclipses  of  the  sun.  From  the  transits  of  Venus  in  tk 
years  1761  and  1769,  Encke  has  determined  71^=8^^5776;  bm 
Bessel's  measurements  at  the  transit  of  Mercury  in  the  year  1832| 
H  was  determined  =  959^^.788 ;  and  according  to  Burckhudt^ 
tables  of  the  moon,  if  we  take  the  equatorial  radius  of  the  etitt 
as  unity,  the  linear  radius  of  the  moon,  or  A,  will  be  equal  Iv 
0.2725.     Hence  wo  have  generally 

bg.  sin.  tt' = 5.6189407 ;  •     ) 

log.(sin.H+&sin.7r')=7.6688050;[  .  .  .  (11) 
log.  (sin.  H- A  sin.  tt') =7.6666896.  ) 

(284.)  Let  ^  represent  the  geographical  latitude  of  a  giiea 
place,  <(>'  its  geocentric  latitude,  and  ci)  the  east  longitude  dtb 
place  from  the  meridian  of  the  ephemeris  expressed  in  time. 

The  beginning  and  end  of  the  eclipse  can  nowhere  happen 
many  hours  before  or  after  the  middle  of  the  eclipse,  as  giTcn  m 
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the  ephemeris.  Let,  then,  T  represent  the  mean  solar  time  cor- 
responding to  the  middle  of  the  eclipse  under  the  meridian  for 
which,  the  ephemeris  is  computed ;  T+a  will  be  the  correspond- 
ing mean  time  of  the  middle  under  the  meridian  of  the  given 
place.  If  we  represent  the  mean  time  of  the  beginning  or  end 
of  the  eclipse  at  the  given  place  by  T+cj+/,  we  may  be  sure 
that  /  is  a  short  interval  of  time.  If  we  have  not  the  use  of  an 
astronomical  ephemeris,  we  may  employ  the  solar  and  lunar  ta* 
bles,  and  may  assume  for  T  either  the  time  of  true  conjunction, 
or,  still  better,  the  time  of  middle  of  the  eclipse  for  the  earth 
generally. 

For  the  mean  times  T— Ul,  T,  and  T+lh.,  compute  firom 
the  ephemeris  the  values  of  a,  d,  and  tt  for  the  moon ;  also  a^,  6\ 
and  r^  for  the  sun.  Compute  from  equations  (6)  the  values  of 
A,  D,  and  g  ;  and  from  equations  (7)  the  values  of  2r,  ^,  and  x. 
Also,  compute  the  values  of  /  and  log.  i  from  equations  (4)  and 
(10).  Since  the  values  of  /  and  log.  i  change  but  slowly,  when 
only  an  approximate  computation  is  required,  we  may  assume 
that  these  quantities  remain  constant  throughout  the  entire  du- 
ration of  the  eclipse.  \ 

(285.)  We  will  now  assume  that  for  the  mean  times  T — Ul 
and  T+lh.,  under  the  meridian  of  the  ephemeris,  the  co-ordi- 
nates Xj  p,  and  z  have  the  values 

P-P'i  Q-^j  b-l/^  and;?+j/,  q+q'  b+b'; 
whioh  values  .will  be  general  for  all  parts  of  the  earth.  But  for 
the  given  place  we  must  also  compute  the  sidereal  times  which, 
ander  the  meridian  of  the  place,  correspond  to  the  instants  when 
the  mean  times  T—  Ih.  and  T+lh.  occurred  under  the  meridian 
of  the  ephemeris.  Wo  then  compute  firom  equations  (8)  the 
values  of  the  co-ordinates  |,  77,  and  ^  for  the  given  place ;  and  we 
will  assume  that  these  co-ordinates  for  the  two  instants  above 
mentioned  are 

u^u%  v— v',  W'-w^  and  u+u%  v+v%  w+v/. 
We  may  now  assume  approximately  that  at  the  time  T,  un- 
der the  meridian  of  the  ephemeris,  the  values  of  x,  y,  z,  f ,  ly,  and 
<  are  equal  to  p,  g,  6,  u,  v,  and  tr,  and  that  the  hourly  varia- 
tions of  these  values  are  represented  by  j/,  ^,  b%  «^,  v\  and  v/; 
also  that,  during  a  moderate  interval  of  time,  the  change  of  the 
preceding  values  is  proportional  to  the  time.    We  shall  there- 
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fore  find  approximately  for  the  mean  time  T+/,  under  the  m^ 
ridian  of  the  ephemerisi 

x—p+p't;  y=q+q^;  z=b+l/i; 

^=u+u't;  fi=v+v't;  i=w+v/t; 
where  t  is  expressed  in  hours  and  fractions  of  an  hour. 

Substituting  these  values  in  equation  (5),  we  obtain 

[p-«+(;/-tt0^r+k-t^+(g'-t;0/p=(/-t<r. 

(286.)  In  order  to  facilitate  the  computation,  we  will  nasmm 
p-^u=:in  sin.  M ;  //— tt'=n  sin.  N,  ^ 
^— t;=:m  COS.  M;  g'—t;'=n  cos.  N,  >   .  .  .  (12) 

/-i^=L,  ) 

where  m  and  n  are  always  to  be  considered  positiYc.  Suhfr 
tuting  these  values,  we  obtain 

{m  sin.  M+n^  sin.  N)*+(»i  cos.  M+n/  cos.  N)*=L' 

By  expanding  this  equation,  we  obtain 

m^  sin.*  'H+2mnt  sin.  M  sin.  N+n'^*  sin.'  N  )  _j  , 
+m^  COS.*  M+2mn^  cos.  M  cos.  N+«V  cos.*  N  }  "" 
But  since  sin.*  +cos.*=  1,  we  have 

m* + 2mnt  cos.  (M  -  N) + «V = L*, 
or 

i?i*sin.*(M-N)+m*cos.*(M-N)+2m«/cos.(M-N)+jiV=:y; 
that  is,     7»*  sin.*  (M-N)  +  [m  cos.  (M-N)+n/]*=L*. 

Let  us  assume 

wsin.  (M— N)            ,  .^«. 
:J ^=sm.  V (13) 

then,  if  an  eclipse  actually  takes  place,  it  will  always  be  poai- 
ble  to  compute  the  angle  xp.  Substituting  sin.  ^  in  the  last  eqi» 
tion  but  one,  wo  have 

L*  sin.*  xl,+[m  cos.  (M-N)+n/]*=L*, 
or       [m  COS.  (M  -  N) + n/]* = L*(l  -  sin.*  V^)  =  L*  cos.*  ^ 

Extracting  the  square  root, 

m  COS.  (M— N)+«^=  dbL  cos.  ^, 
m  COS.  (M  — N)     L  cos.  tp 
n  n 

where  the  unit  to  which  t  refers  is  the  mean  solar  hour. 

It  is  obvious  that  the  greater  of  the  two  values  of  /,  nodtf* 
fitood  in  a  positive  sense,  must  correspond  to  the  end  of  Ab 
eclipse,  and  the  lonst  of  the  two  to  the  beginning.     Anainiflg 
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tile  angle  i/^  to  be  taken  in  either  the  first  or  fourth  quadrant, 

we  find  for  the  given  place,  in  mean  time  of  the  place, 

tn  Tj 

B^inning  of  the  eclipse  at     T+w cos.  (M— N) cos.  ip^ 

It  n 

End  "  "  T+«--cos.(M-N)+-cos.  V^, 

n  n 

where  we  may  eitiploy  the  value  of  /  instead  of  L  without  ma- 
terial error. 

(287.)  The  hourly  variations  of  f  and  tj  may  be  found  by  dif- 
ferentiating the  values  of  |  and  rj  in  equations  (8).  We  thus 
obtain 

— =p  cos.  0^  COS.  O^-A)  ^^^,    \ 

-pk=  — P  SID.  <t>'  sm.  D— — p  COS.  <p'  cos.  D  cos.  (/*— A)-= 

+p  COS.  0'  sin.  D  sin.  (/z— A)  ^^         , 
or 

A=^  sm.  D-^-«^. 

The  unit  of  time  is  here  taken  at  one  hour,  and  the  above 
values  must  be  expressed  in  parts  of  radius. 

(288.)  In  order  to  determine  on  what  point  of  the  sun's  disk 
the  first  and  last  contacts  will  take  place,  conceive  a  line  which 
passes  through  the  place  of  the  observer,  parallel  to  the  line 
which  joins  the  centres  of  the  sun  and  moon,  and  directed  to- 
ward the  positive  side  of  the  axis  of  z  ;  the  plane  which  passes 
through  this  line,  and  is  parallel  to  the  axis  of  y  (see  figure,  page 
263),  makes,  with  the  plane  which  passes  through  the  former 
line  and  the  apparent  place  of  the  moon,  the  angle  KON,  whose 

tangent  is  Trrj = ^.     Represent  this  angle  by  Q.     Since  the 

son  is  at  a  great  distance  from  the  earth  and  moon,  the  line 
which  joins  the  centres  of  the  sun  and  moon  at  the  time  of  an 
eclipse  forms  a  very  smaU  angle  with  that  which  passes  through 
the  place  of  the  observer  and  the  sun.  We  may  therefore  as- 
same  that  the  angle  Q  is  the  same  as  that  which  is  formed  at 
the  sun's  centre  by  the  hour  circle  of  the  sun,  and  that  circle 
which  passes  through  the  sun's  centre  and  the  point  of  the  sun's 


I-    i  w'ijnrr  ttK^FTi  or im  amK': 


.l|»  -.!•, 


Hill  -_*=^i^— 1^— ^j. — r  J 

=  01  siL.  1: — ff  sn.  T.  TT  ■?qninnn  12. 

KSmv  «;=  — «  cos.  (M— ?J=:-i   DBl    :- 

«  Hin.  II  —  w  sixL  N  OQb.  fli— 3f  =^  B^  r  an.  N. 


."»^ 


't. 


^      N;..    \  cos   :M  — X»  = 

xin.  M-sm  X  COS.  li  cat.  r-— sn.  T  sn.  Ms&X 

v.. I   M(  1  -  sin.-  X}— sin  F  csik  I  as.  X 
N,.»   M  <x*k  N  COS.  K— sin  >'  cifc.  I  se.  5 
*^*-^  \  Mn.  ill  — N). 


«=  Nin.  (M-\^  COS.  ?f  =  i  CQL  1  sn.  y. 
.      w  sin.  (M— ^'.' 
sm.  -v* 

*     N  '  A^.  N  sin.  v=: iw  cos.  i  sn.  5  -gL  l->) 

sin.  t" 

*  A>s  X  sin.  v=sin.  X  c:s  i 
\     *^     I.  sin.  (N-fl^O■-^u 


\  ■■        s 


1^ 


V 

// 


"   \    ^      ..*ni;  ^X-v)» 
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(289.)  The  angle  Q  is  measured  on  the  sun's  limb,  from  his 
north  point  by  the  east,  from  0°  to  360°.  If  we  conceive  an 
hour  circle  drawn  through  the  sun's  centre,  Q  will  represent  the 
|mgle  comprehended  between  the  intersection  of  this  hour  circle 
with  the  sun's  disk  and  the  point  of  first  or  last  contact.  If  the 
observer  has  an  equatorial  telescope,  he  may  easily  determine 
the  north  point  of  the  sun's  disk  by  the  method  explained  in  Art. 
42.  If  the  telescope  is  not  equator ially  mounted,  we  must  refer 
llie  points  of  first  and  last  contact  to  the  vertex  of  the  sun's  disk ; 
fcr  which  purpose  we  must  compute  the  angle  P,  which  is  form- 
ed at  the  sun's  centre  by  an  hour  circle  and  a  vertical  circle,  as 
explained  in  Art.  145.  The  north  point  of  the  sun's  disk  will  be 
situated  to  the  right  of  the  vertex  if  the  sun  is  west  of  the  me- 
ridian, but  on  the  left  of  the  vertex  if  it  is  east  of  the  meridian. 

(290.)  The  following  is  a  recapitulation  of  the  formulee  em- 
ployed in  this  computation : 

Let  T  represent  a  convenient  assumed  time  near  to  the  time. 
of  conjunction.     Take  from  the  ephemeris,  for  two  or  three  full 
hours  preceding  and  following  T,  the  following  quantities : 
a=the  moon's  right  ascension,      a^=the  sun's  right  ascension, 
d=the  moon's  declination,  d^=the  sun's  declination, 

ir=the  mooii's  equ.  hor.  parallax,  r^=the  earth's  radius  vector 

Then  compute  the  following  quantities : 

sin.  8^^5776  1 

r'  sm.  TT  sm.  it 

log.  sm.  8^^5776 = 5.6189407, 
.  __  ,    e  COS.  d  sec.  d'(a— a') 
1— e  COS.  d  sec.  a 

_1— e  COS.  d  sec.  (5^ 
COS.  D  sec.  6'     ' 
a;=r  cos.  6  sin.  (a— A), 

y=r  sin.  (d— D)  cos.^i  (a— A)+r  sin.  (d+D)  sin.'i  (a— A), 
5r=r  COS.  (d— D)  cos.^J  (a— A)— r  cos.  (<J+D) sin.^i  (a— A), 

.     .    7.6688050...  .       i       ^    a 

8m./= (for  an  external  contact), 

^    7.6666896  .^         •  x  •     i       ».  ^\ 
fim./= — (for  an  mternal  contact), 
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f=tang./, 
A:=0.2725, 
l=z  tang. /^  A  sec./. 

Compute,  also,  the  following  quantities  for  the  given  pheB, 
where 

fizzzihe  sidereal  time  of  the  place  of  observation ; 
^^=the  same  for  the  meridian  of  the  ephcmeris; 
G)=the  longitude  of  the  place  of  observation ;  ea5$t  longitudo 

being  considered  positive,  west  longitudes  negative; 
^^==the  geocentric  latitude  of  the  place  of  observation ; 
p=th6  earth's  radius  for  the  place  of  observation. 

|=p  COS.  <p'  sin.  {ft— A), 

Ti=p  sin.  0^  COS.  D— p  COS.  <t>'  sin.  D  cos.  (fi— A), 
(=p  sin.  0^  sin.  D+p  cos.  0'  cos.  D  cos.  (fi— A)| 
d^=p  COS.  0'  COS.  (/[i— A)  rf(/i— A), 
dri=^  sin.  D  rf(/i— A)— ^dD, 
m  sin.  M=a;— f, 
m  COS.  M=y— iy, 
«sin.  'H=a/—d^y 
n  COS.  N=y^— rf^y, 

x^=the  hourly  variation  of  x, 
y'=the  hourly  variation  of  y. 
ffi  and  n  are  always  positive. 

sin.  V=  t"  ^^'  (M— N). 
li 

V^  must  be  taken  in  the  first  or  fourth  quadrant. 

For  beginning  of  eclipse,  ^,  = cos.  (M — N) cos.  ^ 

»  n 

fft  T 

For  end  of  eclipse,  /,  = cos.  (M — N)  H —  cos.  ^. 

Time  of  beginning  of  eclipse,  =T+w+/i. 
Time  of  end  of  eclipse,  =  T + w + /,. 

Angle  from  north  point  for  beginning,  =180o  +  N— V'=Qh 
Angle  from  north  point  for  end,  =N+V»=Q,. 

Angle  from  vertex,  =  Q + P = V. 

(291.)  Example.  It  is  required  to  compute  the  time  of  begin- 
ning and  end  of  the  solar  eclipse  of  July  28, 1851,  for  Cambridp 
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Observatory,  latitude  42°  22'  48''  north,  longitude  41i.  44m.  30s. 
west  of  Greenwich. 

The  right  ascension  and  declination  of  the  moon  are  computed 
for  the  Nautical  Almanac  for  each  noon  and  midnight,  exam- 
ined by  means  of  differences  to  the  fourth  order,  and  interpolated 
for  every  hour.  The  following  places  of  the  moon  for  several 
hours  before  and  after  conjunction  have  been  interpolated  from 
the  computed  places  in  the  Nautical  Almanac,  regard  being  had 
to  differences  of  the  fifth  order.  The  places  of  the  sun  have  also 
been  carefully  interpolated. 

For  the  Moon. 


Craenwich  mean  Solar 
Time. 

asR.  A. 

^sDec 

riBptrallax. 

July  28,  0 

125  40    6.75 

20    3  30.00 

0                                       // 

60  27.600 

1 

126  19    9.41 

19  58    9.36 

60  28.710 

"        2 

126  68  10.80 

19  52  39.98 

60  29.794 

"        3 

127  37  10.82 

19  47     1.91 

60  30.851 

«        4 

128  16    9.37 

19  41  15.20 

60  31.880 

"        5 

128  55    6.36 

19  35  19.88 

60  32.882 

For  the  Sun. 


ireenwichmean 
Solar  Time. 


July  28,  0 


a'=R.A. 


a'  =  Dec. 


a 


127    6    5.25 


1 127  8  32.63 
2 127  10  59.99 
3 127  13  27.34 


4 
5 


127  15  54.67 
127  18  21.99 


19  5  24.70 
4  50.23 
4  15.74 
3  41.21 
3  6.64 
2  32.04 


Lof.  r^=Log. 
Distance. 


0.0065782 
65761 
65739 
65718 
65697 
65675 


ir<=  Creenwlch  Sider. 
Time,  reduced  to  Are. 


125  33  19.05 
140  35  46.90 
155  38  14.74 
170  40  42.59 
185  43  10.44 
200  45  38.29 
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A  portion  of  the  labor  of  the  preceding  computation  may  bo 
saved  by  the  use  of  a  table  by  Zeoh,  which  furnishes  the  loga- 
rithm of  the  sum,  or  difference  of  two  numbers  which  are  known 
only  by  their  logarithms.  This  table  is  contained  in  Hiilsse^s 
Sammlung  mathematischer  Tafeln.     Leipzig,  1849. 

The  following  are  the  results  for  x,  y,  and  z : 


Hoiar. 

X 

X' 

Diff. 

y 

y' 

Diff, 

Log.  3   1  Diff*. 

0 

-1.338789 

+  569487 

+  .968608 

-.083013 

1.7546447 

421 

I 

-0769302 

+.569544 

+  57 

+  .885495 

-.083379 

-366 

1.7546026 

832 

2 

-0.199758 

+  .569543 

-   1 

+  .802116 

-.083730 

-351 

1.7545194 

1242 

8 

+0.369785 

+  .56948C 

-  6( 

+  .718386 

-.084073 

-343 

1.7543952 

1657 

4 

+0.939268 

+  .56936r 

-118 

-f-  0343  ir 

-  081-1  ir 

-340 

1.7542295 

2068 

6 

+  1.508633 

f. 540:^0 

1.7540227 

(292.)  The  preceding  quantities  are  independent  of  geograph- 
ical position,  and  serve  not  only  for  calculating  the  times  of  be- 
ginning, etc.,  of  the  eclipse  for  any  place  at  which  it  may  be 
visible,  but  also  for  the  calculations  requisite  to  determine  the 
longitude  of  a  place  from  the  observed  time  of  beginning  and  end. 

Computation  of  the  beginning'  and  end  of  the  Eclipse  for 
Cambridge^  by  Forntulce^  page  278. 

J=  -71°  T  30'^;  0^=42^  IV  2V\1 ;  log.  p=9.9993429. 
For  a  first  approximation  we  will  assume  T  =  2h.  Greenwich 

^^®'  ^^=     155^  38'  15^' 

^=_  710    7' 30// 


^=/+6)=       84°  30'  45'" 

A=     127Q  IV    2' 

/i-A=-  42°  40' ir' 

p= 9.999343 
cos.  0' =9.869778 
sin.  (/i^A)  =  9.831097n 
|=-.50144=9.700218» 

p=9.999343 

sin.  0'= 9.827098 

X=19o  4/  9//  COS.  =  9.975489 

.63377=9.801930 


poos.  0'  =  9.869121 

sin.  D= 9.514161 

COS.  (fi~A)  =  9.866437 

.17771=9.249719 

17= +.45606 

p  sin.  ^'=9.826441 

sin.  D =9.514161 

.21908  =  9.340602 

p  COS.  0'  =  9.869121 

COS.  D= 9.975489 

COS.  (/i- A)  =  9.866437 

.51410=9.711047 

<= +  .73318 
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The  hourly  variation  of  ju— A, 
that  is, 

d{n-A)  =  15°  (y  5".6, 
which,  in  parts  of  radius,  is 
.2618265. 

poos.  ^'=9.869121 

COS.  (/t- A) =9.866437 

rfOt-A)  =  9.418014 

rff= +.14242=9.153572 

log.  |=9.700218« 
sin.  D= 9.514161 
rf(/t-A)=9.418014 
-. 04289 =8.632393« 
dD=  -33".8, 
which,  in  parts  of  radius,  is 
.0001638. 

log.  ^=9.8652 
rfD=6.2143» 
— 00012 =6.0795« 
rfij= -.04277 

a;  =-.19976 

1= -.50144 

x-|= +.30168 

y=     .80212 

,,=     .45606 

y-,,=     .34606 

log.  (z- 1) =9.479546 

!<«•  (y-»?)=9.539151 

tang.  M= 9.940395 

M=41°4'50" 

log.  (z- 1) =9.479546 

sin.  M= 9.8 17644 

»»= 9.661902 


2/= +.66954 

z'-dj=+.4«lJ 
y'=-.0835S 
rff,= -^04277 
y'—dri=  -mm 
log.  (z'-d^) =9.630550 
log.{y'-dii=8M0W)» 
tang.  N  =  r.O20103i 
N=95°27'M" 

log.  (z'-t^^) =9.630550 

sin.  N= 9.998029 

n= 9.632521 

log.  <=  9.8692 
t=7.66a8 
t^=.00338=7J2bl 
/=. 53418 
L=.d3080 

M=  410   4' 50" 

N=  95°  27' 14" 

M-N  =  30oo  37  36" 

sin.  (M-N)  =  9.9100001 

m= 9.661908 

L  comp.=OJ2750fl9 

sin.  V>= 9.846971* 

V.=315ol9'47" 


cos.  (M 


N)= 9.765297 

m= 9.661902 

comp.  n= 0.367479 

+  .62327=97794678 


cos.  V* 
L 


9.851970 
9.724931 
0.367479 


comp.  n 
+. 87979 =9.944380i 
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Hence         i,= -1.50306h.;  i,= +0.25652h. 

Bt^nning =T+/,  =  0.49694ii.  Greenwich  time, 

End =T+^  =  2.25652h. 

which  are  only  to  be  considered  as  approximate  values. 

For  a  second  approximation  we  will  assume  0.5ii.  for  the  be- 
ginning, and  3.25h.  for  the  end. 


1             B<giDiiln|. 

^i^. 

T 

0.5h.  Gr.  m.  t. 

2.a5h.  Gr.  m.  t 

It' 

133    4  32.97 

159  23  51.7 

-  71    7  30. 

-   71     7  30. 

(.=(■'+<.. 

61  .57     2.97 

88  16  21.7 

A 

127     7  28.36 

127  11  37.34 

f-A 

-  65  10  25.39 

-   38  55  15.64 

D 

19     4  59.66 

19    4    0.50 

poos.  *' 

9.8691208 

9.8691208 

•in.  0.-A) 

9.9578873» 

9,7981314» 

log.* 

9.8270081» 

0.6672S22» 

i 

-.671441 

-.464785 

paa.^' 

9,8354412 

9.8364412 

003.  D 

9,9754.523 

9.9754953 

log.  p  sin.  ip'  0O8.  D 

9,8018935 

9.8019365 

poos.*' 

9,8691208 

9.8691208 

sin.  D 

9,5144700 

9.5141097 

COS.  0.-A) 

9,6231132 

9.8909867 

log.  p  oos.  0'  sin.  D  COS.  (p 

-A) 

9,0067040 

9.2742172 

p  sin.  <),' COS.  D 

.633714 

.633777 

pl»».«'»in.  Doos.(/,- 

A) 

.101(3.56 

.188026 

n 

+  .532153 

+  .440751 

p  sin.  0' 

9.S264413 

9.8264412 

sin.  D 

9,5144700 

9.5141097 

kg.  p  sin.  -p'  sin.  D 

9,3409112 

9.3405509 

poos.  «' 

9,8691208 

9.8691208 

COS.  D 

9,9754523 

9.97.54953 

oos.  0.-A) 

9,6231132 

9.8909867 

log.  p  oos.  *' cos.  D  cos.  (p 

-A) 

9,4676863 

9.7356028 

p  sin.  0'  sin.  D 

.219236 

.219054 

p  OOfc  *'  oos.  D  COS.  (p- 

A) 

.2935.53 

..544005 

{ 

+  .512789 

+.763059 

pCOS.  p' 

9,8091208 

9.8691208 

cos.  (p-A) 

9,6231132 

9.8909867 

rf(p-A) 

9,4180136 

9.4180136 

log.  4 

8,9102470 

9.1781211 

« 

+  .081329 

+  .150703 
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D«Wnm(. 

an 

log-f 

9.8270081II 

g.667252S^ 

sin.  D 

9.5144700 

9.5141097 

%-A) 

9.4180130 

9.4180136 

iog.  ^sin.  Drf(f(-A) 

8.7594917(1 

as9937aii 

log.  i 

9.7099 

9.8326 

da 

6.21431. 

G.2I43. 

log,  C'iD 

5.92420 

6.0969» 

{  Bin.  Ddlu-k) 

-  .057477 

-  .039754 

{iD 

-  .0000S4 

-  .000125 

*H 

-  .057393 

-  .039629 

« 

-1.054050 

-0.057375 

$ 

-0.671441 

-0.464785 

*-{ 

-0.382615 

+0.407410 

y 

+  0.927049 

+0.781216 

ij 

+0.5321.58 

+  0.445751 

y-7 

+0.394891 

+  0.33it63 

log.  (1-1) 

9.5827G20B 

9.610031? 

log.  (y— *)) 

9.5964772 

9.5256475 

tang.  M 

9.9362848/1 

0.0343815 

M 

315"  54-  16".4 

50»  31'  54-.I) 

log.(x-S) 

9.5827620/1 

9.6I003I7 

9,8425192/1 

9.8876038 

IB 

9.7402428 

9.7224279 

If 

+0.569487 

+  0.569513 

« 

+0.031329 

+  0.150703 

a-^ig 

+0.438153 

+O.413840 

»■ 

-0.083013 

-0.0S3613 

*i 

-0.057393 

-0.033629 

f-d. 

-0.02.5020 

-0.044014 

log.  <»•-«) 

9.6885604 

9.6220183 

log.  W-^l) 

S.4035791» 

8.&I35906> 

tang.  N 

1.2799813/1 

0.9784574< 

N 

93=  0   15  -.5 

95°  59'  56".2 

log.  (x--di) 

9,GS8oC04 

9.6220«2 

sin.  N 

9.9994027 

9.997615J 

n 

9.6891577 

9.6244330 

9.70994 

9.88256 

7.66324 

7.66335 

log.'? 

7.37318 

7.54581 

•C 

.002361 

.003514 

( 

.5M242 

.534162 

L=(-i{ 

.531881 

.530648 

H-N 

222°  54-  0".9 

314°  31'  57".3 
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Beginninf. 

End. 

sin.  (M-N) 

9.8329711n 

9.8529982n 

m 

9.7402428 

9.7224279 

oomp.  L 

,  0.2741865 

0.2761934 

sin.  il> 

9.8473994ft 

9.8506195ft 

i> 

3150  16'  26".8 

314°  60'  59".8 

008.  (M-N) 

9.8648313» 

9.8459141 

m 

9.7402428 

9.7224279 

oomp.  n 

0.3108423 

0.3765670 

9.9159164n 

9.9439090 

-.823979 

+  .878838 

008.  \b 

9.8516508 

9.8483445 

9 

L 

9.7268145 

9.7248066 

oomp.n 

0.3108423 

0.3766670 

& 

9.8882076 

9.9487181 

+.773050 

+.888624 

t 

+.060929 

+  .009786 

Beginning  of  EcUpoe. 

EndofEcUpM. 

T+t 

0.550929h., 

2.259786h., 

'                            1 

or 

or 

Greenwich  mean  fime 

Oh.  33m.  3.3s. 

2h.  15m.  36.2s. 

it 

4L  44m.  30s., 

4h.  44m.  308., 

or 

or 

Cambridge  mean  tlqae 

7h.  48m.  33.3s. 

9h.  31m.  5.2s. 

N 

930    0' 

96"    0' 

v-  ■ 

3160  16' 

314°  51' 

Q 

I8O0+N-V 

N+V 

=3170  44' 

=60°  51' 

»e  results  agree  well  with  those  found  on  page  253. 

293.)  We  may  obtain  a  check  upon  the  accuracy  of  our  com- 
Ktions  in  the  following  manner : 

Squation  (5),  page  267,  is 

Qie  quantities  being  supposed  to  be  computed  for  the  instant 
irst  or  last  contact  of  the  limbs  of  the  sun  and  moon.  If 
86  quantities  have  been  computed  for  a  time,  T,  which  differs 
n  the  instant  of  contact  by  a  small  interval,  ^,  they  may  be 
noed  to  the  mstant  of  contact  by  means  of  the  quantities  a/^ 
dSj  and  rf^,  which  represent  the  hourly  variations  of  x,  Pj  ft 
I  fj.    In  this  case  we  shall  have 

T 
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Thus,  in  the  preceding  example,  for  tiie  beginning  of  the 
eclipse,  ^=  +  .050929. 

x-f= -0.382615 
{3/''d^)t=  +0.024861 . 

Sam=  —0.357754,  whose  square  is  .127968. 
Also,  y  - 1?  =  +  0.394891 

(y^-rf^y= -0.001305 

Sum  =  +  0.393586,  whose  square  is  .154910. 

The  sum  of  these  two  squares  is  .282898,  whidi  is  the  sijiiiif 
of  .531881,  the  value  of  L. 

For  the  end  of  the  eclipse,  ^=  +  .009786. 
x-|= +0.407410 
(x^-ctgy= +0.004099 

Sum  =  +  0.411509,  whose  square  is  .169340. 
Also,  3^-17= +0.335465 

(y^-rfiy)^= -0.000431 

Sum  =     0.335034,  whose  square  ia  .1  l&i48. 

The  sum  of  these  two  squares  is  .281588,  which  is  the  squtw 
of  .530648,  the  value  of  L. 

(294.)  When  the  highest  accuracy  is  not  required,  die  labor 
of  the  preceding  computations  may  be  diminished  by  substitn- 
ting  approximate  formulee  for  some  of  those  here  used.  Tte 
expressions  for  A,  D,  and  g*,  given  on  page  277,  may  be  simpli- 
fied without  greatly  diminishing  their  accuracy.  Since  ^  is  at 
ways  a  small  quantity,  the  denonunators  of  the  expresskxis  bt 
A  and  D  are  nearly  equal  to  unity,  and  may  be  omitted.  Mon* 
over,  at  the  time  of  an  eclipse,  d,  d'j  and  D  are  very  nearly  equi 
to  each  other ;  hence  the  following  expressions  will  afford  a  good 
approximation  to  the  values  of  A,  D,  and  g. 

A=a^-e(a-aO, 

D=d'-c(d-dO, 
§•=1-6. 

These  formula;  will  furnish  the  values  of  A  and  D  within  t 
small  fraction  of  a  second. 

For  the  remaining  computations  we  must  proceed 
to  the  formula;  on  pages  277-8. 
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Section   V. 

BESSEL's    method    of    computing    0CCULTATI0N8    OF    STARS. 

(295.)  The  formulas  required  for  the  computation  of  ooculta- 
tions  of  stats  by  the  moon  are  easily  deduced  from  those  ahready 
given  for  solar  ecUpses,  since  the  distance  of  the  fixed  stars  ia 
such  that  they  have  no  diurnal  parallax,  and  the  rays  of  light 
which  emanate  from  them  and  touch  the  moon's  disk  may  be 
considered  as  forming  the  surface  of  a  cylinder.  Hence,  for  oc- 
cultations,  the  quantities /and  t,  as  well  as  the  horizontal  par- 
allax of  the  star,  become  each  equal  to  zero ;  also,  a^=A,  <J'=D, 
and  /= Ar.  It  is  unnecessary  to  compute  either  z  or  ^.  Since  A, 
the  right  ascension  of  the  star,  is  invariable,  di^—k)  becomes  ef^. 
But  the  variation  of  ^  in  one  solar  hour  is  Ih.  Om.  9.8d6ds.,  or 
15°  2'  27^^85,  which,  in  parts  of  radius,  is  .2625162,  whose  log- 
arithm  is  9.4191561.  For  a  solar  eclipse,  the  angle  Q,  was  re* 
ferred  to  the  sun's  limb,  but  in  an  occultation  of  a  star  this  an- 
gle is  referred  to  the  moon's  limb,  and  in  the  latter  case  the  an- 
gle Q,  will  differ  180^  from  the  angle  Q,  in  the  former  case. 
Henoe  we  have  the  following  formulas  for  the  computation  of 
ocxmltations : 

T=any  convenient  assumed  time  near  conjunction ; 

a=the  moon's  right  ascension ; 

d=the  moon's  declination; 

7r=the  moon's  equatorial  horizontal  parallax ; 

A=the  star's  right  ascension ; 

D=the  star's  declination ; 

/i=the  sidereal  time  of  the  place  of  observation ; 

/4^=the  same  for  the  meridian  of  the  ephemeris ; 

a>=the  longitude  of  the  place  of  observation ;  east  longi- 
tudes positive,  west  longitudes  negative ; 

^''=the  geocentric  latitude  of  the  place  of  observation ; 

p=the  earth's  radius  for  the  place  of  observation ; 

_cos.  d  sin.  (a— A)  ^ 
X ; J 

Sm.  TT 

_8in.  (<5— D)  cos.^  j(a— A)+sin.  (c^+D)  sin.^  ^(a~A) 

sin.  TT 
J=p  COS.  ^'  sin.  (/i— A) ; 

^=P  sin.  ^'  COS.  D— p  COS.  ^^  sin.  D  cos.  (f*— A) ; 

£l^=p  COS.  ^'  COS.  (f«— A)^a5 
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dfi' 

log.  dfi 

tn  sulH: 

fll008.H: 

naiiLN: 

II008.N: 


:|8in.  T^\ 
:9.4191561; 

:tli6  hcmrly  Yariatum  of  a;, 
:  die  hourly  YBxiatkm  of  y  ; 
m  and  n  are  always  positive ; 


on.  ^=77  sin.  (M— N) ; 

^  must  be  taken  in  the  firet  or  fbnrtih  qqadrant; 
Ibg.  ifc=9.4353665; 

ti— 008.  (M— N) 008.  ^r; 

n  n 

^t= 008.  (M— N)H —  008.  ^. 

n  n 

Time  of  immeraidn = T + ci' + /!• 
Time  of  emersion  :=:T+cj+^t. 
For  immersion,  angle  finom  north  point  toward  east. 

For  emersion,  angle  from  north  point  toward  east, 

nzQ.rzlSQO  +  N  +  V'. 

Angle  from  vertex =V=Q,+ P. 

(396.)  Ex.  1.  Required  the  time  of  occultation  of  a  Taim, 
January  23,  1850,  for  Cambridge  Observatory. 

We  find  that  the  apparent  conjunotion  takes  place  at  about 
13  hours  Greenwich  mean  time.  We  therefore  interpolate,  firom 
the  computed  places  in  the  Nautical  Almanac,  the  moon's  places 
for  several  hours  before  and  after  conjunction,  regard  being  had 
to  differences  of  the  fifth  order,  as  on  page  279,  and  obtain  the 
following  results : 


0  roen  wlch  nmn  Time 

a. 

i.            1 

w. 

h. 
11 

65  47    3.70 

+  16  23  28.91 

*                         •* 

59  48.046 

12 

66  24    3.30 

16  30    4.10 

59  50.000 

13 

67    1     7.95 

16  36  33.22 

69  51.942 

14 

67  38  17.62 

16  42  56.21 

59  63.871 

15 

68  15  32.29 

16  49  12.97 

59  65.785^ 

Tho  position  of  a  Tauri  is 

A =660  49/  53'/.i;  D=+i6o  12'  3".4. 
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The  following  are  the  results : 


Hoar. 


11 

12 
13 
14 
15 


-1.007841 
-  .413936 
+  .180049 
+  .774050 
+1.368007 


+.593905 
+.593985 
+.594001 
+.593957 


Diff. 


+  .193633 

+80|+. 301478 


+16 
-44 


+  .409299 
+  .517086 
+.624825 


nc 


+.107845 
+.107821 
+.107787 
+.107739 


-31 

-48 


For  the  first  trial,  we  may  assume  T=13  hoars  iireemnel 
mean  time,  and  vre  ehail  obtain  the  approximate  times  of  iiiiD>» 
sion  and  emersion.  As,  however,  this  example  has  already  beet 
computed  on  page  259,  we  will  suppose  the  approximate  tiiM 
to  be  known,  and  will  assume  12  hours  for  immersion,  and  13i$ 
hours  for  emersion.     The  work  will  then  be  as  follows : 


T 

X 

y 
y' 

p  COS.  ^' 

sin.  (fi— A) 
log.f 

p  sin.  0^ 
COS.  D 
log.  (1) 

(1) 

p  COS.  ^' 

sin.  D 

COS.  (/i— A) 

log.  (2) 

(2) 
(l)-(2)=, 

p  COS.  0' 

COS.  (/i— A) 

log.  rff 


InuDBraioD. 


12h.  6r.  m.  t. 

-.413936 

+.301478 

+.593945 

+.107833 

-14°59'54".67 
9.8691208 
9.4129543i» 
9.2820751» 

-.191459 
9.8264412 
9.9824020 
9.8088432 

+.643937 
9.8691208 
9.4456150 
9.9849468 
9.2996826 

+  .199380 

+.444557 
9.8691208 
9.9849468 
9.4191561 
9.2732237 

+.187596  I 


13.25h.  Gr.iiLt. 
+  .328551 
+  .436250 
+  .593997 
+  .107795 
+  3°48'10".14 

9.8691206 
8.821663B 

8.6907816 

+.049066 


+  .643937 
9.8691206 
9.4456150 
9.9990127 
9.3137785 

+  .205958 

+.437979 
9.8691206 
9.9990127 

'       9.4191561 
95873196 

+.193785 
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log.f 

9.3820751» 

8.6907846 

sin.  D 

9.4456150 

9.44.56150 

* 

9.4191561 

9.4191561 

hg.dn 

8,1468462» 

7.5555557 

il 

-.014023 

+.003594 

x-i 

-.322477 

+.279485 

y-<; 

-.143079 

-.001739 

log.  (j-i) 

9.3472852» 

9.4463585 

,1»6-  (y-n) 

9.1o55759n 

7.2377950a 

log,  tang.  M 

0.1917093 

2.208563&. 

u 

2370  15'  15".l 

90°  21-  16".0 

sin.  M 

9.92483G6« 

9.9999917 

log.  m 

9.4224486 

9.4463668 

^-di 

+.406349 

+.400212 

V-dn 

+.121856 

+  .104201 

log.  (i--rf«) 

9.6088992 

9.6022901 

log.  (y--J,l 

9.0858469 

9.0178719 

log.  t«ng.  N 

0.5230523 

0.5844182 

N 

73°  18'  2.5  ".4 

75°  24'  23".4 

sin.  N 

9.9813010 

9.9857571 

log.» 

9.6275982 

9.6165330 

M-N 

163"  56'  49".7 

14°  56'  53".6 

sin.  (M-N) 

9.4417330 

9.4115288 

log.  „■ 

9.4224486 

9.4463668 

corap.  k 

0.5646335 

0.5646335 

log.  sin.  V 

9.4288151 

94225291 

* 

150  34'  13".0 

15°  20-  27".5 

oos.  (1»-N) 

9.9827265» 

99850487 

log.™ 

9.4324486 

9.4463668 

comp.  n 

0.3734018 

0.3834670 

9.7775769» 

9.8148825 

-.599207 

+.653954 

cos.  ^p 

9.9837624 

9.9843430 

log.* 

9.4353665 

9.4353665 

oomp.  B 

0.3724018 

0.3834670 

97915307 

9.8030765 

+.618772 

+  .635443 

f 

-.019.565 

-.017511 

=  -70.4s. 

= -63.0s. 

Heooe  we  have  the  followmg  resnlts : 


Time  of  inuneTsion, 


llh.  58m.  49.68.,  or  7h.  14m.  19.68. 
I3h.  13m.  57.08.,  "  8I1.  29m.  27.08. 
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For  immersion,  Qi=:  N— ^=  57^  44^ 

"    emersion,    Q,=180o+N+^=270o  45^. 

These  results  are  nearly  the  same  as  found  on  page  261. 

(297.)  We  may  ohtain  a  check  upon  the  accuracy  of  our  cgiii> 

putations  in  the  same  manner  as  shown  for  a  solar  edipss  ci 

page  289.     Equation  (5),  page  267,  becomes,  in  the  case  d  u 

oocultation, 

(x-$)«+(y-i7)^=*»=. 074256, 

the  quantities  x,  y,  ^,  and  17  being  supposed  to  be  computed  fa 

the  instant  of  immersion  or  emersion.     If  these  quantities  hive 

been  computed  for  a  time,  T,  which  differs  from  the  inatantof 

immersion  or  emersion  by  a  small  interval,  tj  we  shall  haya 

Thus  in  the  preceding  example,  for  immersion,  t^  —  .01956!L 

x-$=-522477 
(a:"-rf|)/= -.007950 

Sum=  -.230427,  whose  square  is  .053097. 
Also,  y-i7= -.143079 

(y^-rfiy)/= -.002384 

Sum=  —  .145463,  whose  square  is  .021159. 
The  sum  of  these  two  squares  is  .074256. 
For  emersion,  ^=—.017511. 

a:-f= +579485 
(x^-d:g)/= -.007008 

Sum=     .272477,  whose  square  is  .074244. 
Also,  y-i7=: -.001729 

(y^-rfiy)/= -.001825 

Sum=     .003554,  whose  square  is  .000012* 
The  sum  of  these  two  squares  is  .074256. 
(298.)  Ez,  2.  Required  the  time  of  occultation  of  y  Yiigiiu8« 
January  9,  1855,  for  Washington  Observatory. 

Apparent  conjunction  takes  place  between  23  and  24  bouB 
of  Greenwich  mean  time.  The  moon's  places  for  23,  24,  and 
25  hours,  Greenwich  time,  according  to  the  American  Naotioil 
Almanac,  are  as  follows : 


Grarawicb  m.  i^ ' 

.. 

i. 

V. 

k. 

k.      m.          : 

• 

<                             a* 

23 

12  33  21.97 

+0    8  30.8 

55  31.18 

24 

12  35  12.33 

-0    6  32.3 

55  32.80 

25 

12  37    2.80 

-0  19  365 

55  34.43 

OOOULTATIONS    OF    StaRS. 

The  position  of  y  Yirginis  is 

A=12h.  34m.  18.438.;  D=-0o  39'  12".l. 

Computation  of  the  co-ordinates  x  and  y. 


2&7 


Greenwich  mean  Time. 

SSh. 

t4h. 

ash. 

a-A 

-14'  6".9 

+  13'  28".5 

+41'  5".55 

log.  TT 

3.5225981 

3.5228093 

3.5230216 

log.  sin.— log. 

4.6855560 

4.6855560 

4.6855559 

sin.  n 

8.2081541 

8.2083653 

8.2085775 

log.  (a-A) 

.  2.9278321« 

2.9076800 

3.3919138 

log.  sin.— log. 

4.6855736 

4.6855738 

4.6855645 

COS.  6 

9.9999987 

9.9999994 

9.9999929 

OOSeO.  TT 

1.7918459 

1.7916347 

1.7914225 

log.  X 

9.4052503» 

9.3848879 

9.8688937 

X 

-.254244 

+  .242598 

+  .739424 

d+B 

-30'  41".3 

-44'  44".4 

-58'  48".3 

d-D 

+47'  42".9 

+33'  39".8 

+  19'  35".9 

008.  i(a— A) 

.  9.9999991 

9.9999992 

9.9999922 

COS.  i(a— A) 

9.9999991 

9.9999992 

9.9999922 

log.(d-D) 

3.4568062 

3.3053084 

3.0703704 

log.  sin.— log. 

4.6855609 

4.6855679 

4.6855725 

coseo.  n 

1.7918459 

1.7916347 

1.7914225 

log.  (1) 

9.9342112 

9.7825094 

9.5473498 

log.  i(a-A) 

2.62680 

2.60665 

3.09088 

log.  sin.— log. 

4.68557 

4.68557 

4.68557 

sin.  i(a— A) 

7.31237 

7.29222 

7.77645 

sin.  (d+P) 

7.95069» 

8.10440n 

8.23250« 

COSeC.  TT 

1.79185 

1.79163 

1.79142 

log.  (2) 

4.36728» 

4.48047« 

5.57682« 

(1) 

+.859431 

+  .606061 

+  .352665 

(2) 

-.000002 

-.000003 

-.000038 

(l)4-(2)=y 

+  .859429 

+.606048 

+.352617 

The  following  are  the  results : 

^oar. 

* 

^ 

Dur 

y 

f 

Dur. 

23 
24 

25 

-.254244 
+.242598 
+.739424 

+  .496842 
+  .496826 

■ 

-16 

+  .859429 
+  .606048 
+  .352617 

-.253381 
-.253431 

-50 

For  a  first  approximation  we  assume  T=24  hours  Greenwich 
mean  time.  The  corresponding  sidereal  time  at  Washington  is 
14h.  9m.  35.06s. ;  whence 

|[*-A= +23049^9^^45. 

Also,  p  sin.  0'= 9.7955439,  and  p  cos.  0^=9.8917226. 
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Hence  we  obtain 

X  =  +  .24260 ;  f  =  +  31474 ;  i»  sin.  M = -  .07214. 
y=  +  .60605 ;  ij=  +.63261 ;  m  cos.  M=  -.02656. 

M=249o  47'  16",  log.  «= 8.885779. 

a;'=+.49683;  rff=  +  .18716;  n  sin.  N =  + .30967. 

3^=  -.25341 ;  rf«y=  -.00094 ;  n  cos.  N=  -.25247. 

N=129«>  11'  24",  log.  «=9.601567. 

V'=14°  3'  12". 

<,= -.56368;  <,= +.76955. 

Greenwich  mean  Time.    Waehington  bob  TiBt. 

Time  of  immersion =23.43632h.,  or  18h.  17m.  598. 
"       emersion    =24.75955h.,  "  19h.  37m.  238. 
For  the  second  approximation  we  will  assume  23h.  25m.  for  im- 
mersion, and  24h.  45m.  for  emersion.    The  results  are  as  fdlows: 


Immeraion. 

EncnloA. 

T 

23b.  25m.  Gr.  m.  1 24b.  45m.  Gr.  m-t 

X 

-.047224 

+  .615218 

y 

+.753860 

+  .415979 

3f 

+  .496843 

+.496821 

yf 

-.253377 

-.253443 

,i-A 

15°  2'  43".2 

36°  &  Q"Z 

f 

+  .202302 

+.448121 

V 

+  .633058 

+  .631747 

d^ 

+  .197574 

+.167383 

dr, 

-.000606 

-.001341 

M 

295°  49'  58".2 

142°  14'  41"5 

log.  m 

9.4428399 

9.4360119 

N 

130°  11'  7".3 

127°  25'  29"5 

log.  n 

9.6929907 

9.6178713 

v* 

14°  36'  25".7 

14°  50'  32"iJ 

• 

t 

+.012470 

-.001011 

Q 

116°  36' 

322°  16' 

Hence  we  have  Greenwich  mem  Time.  Waahinfton 

Time  of  immersion,  23h.  25m.  44.9s.,  or  18L  17m.  33.78. 
"       emersion,     24h.  44m.  56.4s.,  "  19h.  36m.  45J8^ 
Check, — For  immersion^ 

a:- 1= -.249526 
(a/ -rfg)/= +.003732 

Sum=  —  .245794,  whose  square  is  .060414 
Also,  y-fy= +.120802 

(y^-rf>y)/= -.003152 

Sum  =  +  .117650,  whose  square  is  .013842.    ^ 
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.The  sum  of  these  two  squares  is  .074256. 

For  emersion^ 

x-f= +.167097 
(a/-d:gy= -.000333 

Sum=  +.166764,  whose  square  is  .027810. 

Also,  y-fy= -.215768 

(y/-rf;y)t= +.000255 

Sum  =  —  .215513,  whose  square  is  .046446. 

The  sum  of  these  two  squares  is  .074256. 

In  the  Tables  from  which  the  American  Nautical  Almanac  is 
computed,  the  value  of  A;  is  assumed  to  be  0.272278.  In  the 
English  Nautical  Almanac  for  1857  the  value  of  A:  is  assumed 
to  be  0.273114.  The  value  employed  in  Burckhardt's  Tables 
of  the  Moon  is  0.2725. 

(299.)  In  the  American  Nautical  Almanac,  and  also  in  the 
Berlin  Jahrbuch,  are  furnished  elements  by  which  the  preceding 
computations  are  materially  abridged.  These  elements  are  the 
oo-ordinates  x  and  ^,  with  their  hourly  variations.  In  the  Amer- 
ican Almanac,  p.  375-397,  is  given  a  list  of  all  the  stars,  to  the 
sixth  magnitude  inclusive,  contained  in  the  B.  A.  Catalogue, 
which  can  be  occulted  by  the  moon.  It  also  furnishes  for  each 
fliar  the  Washington  mean  time  (T)  of  conjunction  with  the 
moon ;  the  Washington  hour  angle  of  the  star  at  the  time  T ; 
and  the  co-ordinates  for  the  same  time,  with  their  hourly  varia- 
tions. At  the  instant  of  conjunction  x  reduces  to  zero,  and  is 
therefore,  omitted  from  the  almanac. 

Thus  for  y  Virginis,  January  9, 1855,  we  find  on  page  375, 
T= Washington  mean  time  of  conjunction,  18h.  22.5m. 

H= Washington  hour  angle  of  star  at  time  T,  +lh.  5m.  51s. 
Y=the  co-ordinate  which  Bessel  represents  by  y,  +0.7298 
//= hourly  variation  of/?,  Bessel  represents  by  a/,  +0.4968 
^= hourly  variation  of  ^,  Bessel  represents  by  y^,  —0.2530 
log.  sin.  D=log.  sine  of  star's  declination,  —8.0570 

log.  COS.  D=log.  cosine  of  star's  declination,  0.0000 

Having  the  assistance  of  these  numbers,  we  are  relieved  from 
the  necessity  of  the  preliminary  computations  on  page  297,  and 
the  approximate  times  of  immersion  and  emersion  are  obtained 
with  very  Uttle  labor,  especially  if  we  employ  logarithms  to  only 
four  decimal  places,  which  will  generally  frimish  results  correct 
to  the  nearest  minute. 


CHAPTER  in. 

LONGITUDE. 
Section  I. 

LONGITUDE    DETERMINED    BY    TRANSPORTATION   OF   CHRONOMETIEf. 

(300.)  The  manufaoture  of  chronometers  has  attained  to  sodi 
a  degree  of  perfection  as  to  afford  the  means  of  determining  tiie 
difference  of  longitude  of  two  stations,  not  too  remote  from  eadi 
other,  with  a  precision  superior  to  that  of  most  Qther  methodiL 
The  following  are  the  essential  steps  of  this  method :  The  time 
is  accurately  determined  at  one  station,  Greenwich,  for  inatuioe, 
and  the  chronometer  is  carefully  compared  with  the  transit  dock; 
hence  the  error  of  the  chronometer  on  the  meridian  of  Groes* 
wich  is  known.  The  chronometer  being  carried  to  a  seoond  sia* 
tion,  for  example,  Cambridge  Observatory,  is  compared  with  ihB 
transit  clock  at  that  place.  Thus  the  error  of  the  chrcxioinefeBr 
on  the  meridian  of  Cambridge  is  known ;  but  its  error  on  ihB 
meridian  of  Greenwich  at  the  same  instant  is  known,  if  its  raU 
be  known,  and  the  longitude  is  the  difference  of  these  t¥ro  er- 
rors. In  grand  chronometric  expeditions,  it  is  customary  to  em- 
ploy a  large  number  of  chronometers,  from  twenty  to  fifty,  or 
more,  as  checks  upon  each  other. 

(301.)  The  most  serious  difficulty  in  the  appUcation  of  this 
method  consists  in  determining  the  rate  of  the  chronomeieo 
during  the  journey,  for  chronometers  generally  have  a  difierent 
rate  when  transported  from  place  to  place,  either  by  land  or  hf 
sea,  from  that  which  they  maintain  in  an  observatory.  When 
it  is  proposed  to  determine  the  difference  of  longitude  of  twoflb^ 
tions  with  the  greatest  accuracy,  the  error  of  the  chnmometeis 
should  be  determined  at  the  commencement  of  the  expedition, 
at  the  first  station ;  the  same  thing  should  be  done  at  the  sec- 
ond station ;  then,  as  soon  as  possible,  the  chronometers  should 
be  brought  back  to  the  first  station,  and  their  error  determined 
anew.  The  chronometers  should  thus  be  transported  back  and 
forth  a  considerable  number  of  times. 
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Let  US  designate  the  eastern  station  by  A,  the  western  by  B, 
and  the  west  longitude  of  the  place  B  from  A  we  will  designate 
by  <k).  We  will  suppose  that  at  the  time  t^  at  the  place  A,  the 
error  of  one  of  the  chronometers  was  a  ;  that  on  its  arrival  at  B, 
at  the  time  t%  the  error  was  b  ;  and  again,  on  its  return  to  A  at 
the  time  T^,  the  error  was  a\  If  we  regard  a  day  as  the  unit 
of  time,  and  represent  the  mean  daily  rate  of  the  chronometer 
during  the  journey  by  m,  we  shall  have 

wiience  we  may  conclude  that 

or  6)=a'-w(^""-0-*' 

Each  chronometer  will  afford  an  independent  determination 
of  the  value  of  cj ;  and  in  order  to  detect  any  irregularity  in  the 
rates  of  the  chronometers,  they  should  be  compared  daily  with 
each  other  throughout  the  entire  journey. 

The  following  observations  were  made  to  determine  the'differ- 
ence  of  longitude  between  two  stations,  A  and  B : 


Station  A 
Station  B 
Station  A 


^=:  September  15,  11.55h. 
r= September  17,  18.85h. 
^^^= September  18,  11.55h. 


a=+34m.  20.1s. 

6=+ 31m.    0.68. 

a'  =  +  34m.    4.4s. 


Consequently  we  have  m= ^—'=  —5.23s. 

a=+ 34m.  20.1s. 
m(r-0=  -5.23  X  2.304=  -  12.1s. 

-6= -31m.  0  6s, 
Longitude =6>=  3m.  7.4s. 
(302.)  Since  chronometers  almost  invariably  indicate  a  differ- 
ent rate,  according  as  they  are  traveling  or  at  rest,  if  the  observer 
remains  for  several  days  at  the  station  B,  the  error  of  the  chro- 
nometers should  be  determined  immediately  upon  arrival,  and 
again  before  departing  from  B ;  and  the  interval  of  rest  should 
not  be  included  in  the  determination  of  the  value  of  m.  Sup- 
pose we  have  determined  the  chronometer  errors 

a,  J,  l/^  a', 
corresponding  to  the  times 

tj    t    y    t      y    t         , 

where  a  and  a^  are  supposed  to  have  been  obtained  at  the  place 
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A;  b  was  the  error  on  first  arriving  at  B,  and  1/  the  errcv  <m de- 
parting from  B. 

Then  the  interval  of  time  embraced  in  the  two  journeys  is 

and  the  change  in  the  error  of  the  chronometer  for  the  same  time 
is  (a' -a) -(6' -6). 

Hence  we  have     fn=-^^^^^^^. 

The  following  example  is  taken  from  Struve's  chronometnc 
expedition,  undertaken  in  1843,  between  Pulkova  and  Altooi: 


Pulkova 
Altona 
Altona 
Pulkova 


/=May  19,  21.54h. 

t^=May  24,  22.66h. 
r^=May  26,  10.72h. 
r'=May31,    O.OOh. 


a=  +6m.  38.1(k 

J=-lh.  14m.  39.928. 

J^=-lh.  14m.  36.m 

a'=         +7m.    9.58i 


Here  we  have 


a^- a = 31.48s. 
6^-6=  3.15s. 


Also, 


Hence 


(a'-a)-(ft'-6)=28.33s. 

r-^=5d.    1.12h. 

^^^-r=4d.  13.28h. 

(^/_^)  +  (r/-r)=9d.  14.40h, 

28.33s.^_^  2.951s. 


m= 


9.6 


a=         +6m.  38.10s. 
m(r-0=2.951  X  5:047=  +  14.89s. 

-  J=  +  lh.  14m.  39.92s. 
Longitude =<k)=  Ih.  21m.  32.918. 
(303.)  It  is  here  assumed  that  the  rate  of  the  chronometer 
the  same  during  the  journey  from  Pulkova  to  Altona  as  dariig 
the  journey  from  Altona  to  Pulkova.  In  order  to  eliminats  any 
error  which  might  arise  from  this  supposition,  Struve  begins  the 
next  calculation  with  Altona,  so  that  any  change  in  the  lale  d 
the  chronometer  will  produce  the  opposite  effect  from  that  whick 
would  result  if  the  computation  commenced  with  Pulkova.  Tta 
following  combination  is  the  one  which  immediately  snoceedal 
that  of  the  former  example : 


Altona 
Pulkova 
Pulkova 
Altona 


^=May26,  10.72h. 

r=May31,    O.OOh. 

r  =  June3,     5.62h. 

r'=June7,  20.52h. 


6=-lh.  14m.  36.77& 
o=         +7m.    9.58s. 

a'=         -f  7m.  19.36s. 

*'=-lh.  14m.    0.35s. 
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Here  we  have  ft'— J=36.42s. 

g^-gzr    9.788. 

r-/=4d.  13.28h. 

r'-r=4d.  14.9011. 

(r-0+(r'-^0=9d.    4.18h. 

6=-lh.  14m.  36.77s. 
m(r-0=2.904x  4.553=  +13.22s. 

— a=         —7m.    9.58s. 
Longitude = 6)  =  —  lh.  21m.  33.13s. 
In  the  chronometric  expedition  already  referred  to,  nine  voy- 
ages weref  made  from  Polkova  to  Altona,  and  eight  from  Altona 
to  Pulkova,  in  which  81  chronometers  were  employed.     The  re- 
sults of  13  of  this  number,  having  shown  greater  discordances 
than  the  rest,  were  rejected,  and  the  deduced  longitude  was  made 
to  depend  upon  68  chronometers. 
This  result  was 

Ih.  21m.  32.52s., 
with  a  probable  error,  according  to  Struve,  of  only  0.04s. 

(304.)  It  is  indispensable  to  Hie  accuracy  of  these  results  that 
the  time  be  obtained  at  each  station  with  the  greatest  precision. 
Strove  recommends  that  the  time  be  determined  with  a  tran- 
sit instrument,  by  observations  of  stars  near  the  zenith,  inas- 
much as  a  slight  deviation  of  the  transit  instrument  from  the 
[dane  of  the  meridian  does  not  affect  the  time  of  passage  of  a 
floaith  star.     It  is  necessary,  however,  to  know  the  inclination  of 
the  axis  with  the  greatest  accuracy ;  and  the  axis  should  be  re- 
teised  upon  its  supports  during  each  series  of  observations,  so  as 
«  toelinunate  the  effect  of  unequal  pivots  and  of  collimation  error. 
In  order  to  eliminate  the  effect  of  any  error  in  the  right  ascensions 
of  the  stars  employed,  the  same  stars  should,  if  possible,  be  ob- 
served at  both  stations.     For  this  purpose,  a  catalogue  of  all  the 
stars  which  pass  near  the  zenith,  and  of  a  magnitude  sufficient 
to  be  observed  without  inconvenience,  should  be  prepared  before- 
hand, and  a  copy  furnished  to  each  observer.     If  liie  places  of 
any  of  the  stars  are  too  imperfectly  known,  they  should  be  care- 
fully observed  with  the  instruments  of  some  large  observatory. 
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(305.)  The  comparisons  of  the  chronometers  should  aUbe 
made  by  observmg  the  coincidence  of  beats.  If  we  undertike 
to  compare  two  clocks  ^yhich  beat  seconds  of  the  same  kind  of 
time,  unless  they  happen  to  tick  at  the  same  instant,  there  is  • 
fraction  of  a  second  which  mast  be  estimated  by  the  ear.  Iliis 
estimation  is  extremely  difficult,  and  practiced  observers  wiD 
differ  among  themselves  by  a  quarter  of  a  second,  and  sometimei 
even  more.  When,  however,  the  two  clocks  happen  to  tick  to- 
gether, there  is  no  fraction  of  a  second  to  be  estimated ;  and  a 
practiced  ear  will  detect  any  deviation  from  coinoidenoe  in  beats 
amounting  to  0.01s.  Now  a  sidereal  clock  gains  upon  a  solar 
clock  one  second  in  about  six  minutes ;  and  if  two  such  cloeb 
are  placed  side  by  side,  they  must  tick  together  onoe  in  eveiy 
six  minutes.  In  order  to  compare  two  such  clocks,  we  notiBa 
their  movements,  and  wait  until  the  beats  sensibly  ooinodB^ 
when  we  know  thert  their  difference  amounts  to  an  entire  nmnkr 
of  seconds,  which  is  readily  discovered.  Chronometers  genenDf 
make  two  beats  in  a  second ;  so  that  between  a  clock  whidi 
beats  seconds  of  sidereal  time,  and  a  chronometer  which  tkb 
half  seconds  of  solar  time,  there  must  be  a  coincidence  eveiy 
three  minutes.  Chronometers  are  sometimes  made  to  tick  13 
times  in  6  seconds.  Such  a  chronometer,  regulated  to  mean 
time,  makes  121  ticks  in  56  seconds  of  sidereal  time ;  that  is 
the  coincidences  between  such  a  chronometer  and  a  sidereal  se^ 
onds-pendulum  would  occur  every  56  seconds.  Moreover,  the 
intervals  between  the  ticks  of  the  chronometer  is  0.4628s.  8id^ 
real  time ;  and  13  of  these  intervals  arc  equal  to  6.016s.  aidcreal 
time ;  54  are  equal  to  24.991s. ;  67  are  equal  to  31.007s. ;  and 
121  are  equal  to  55.999s ;  that  is,  in  the  course  of  56  seooods 
there  are  five  coincidences  within  the  limits  db  0.02s.  Such  a 
chronometer  affords  the  means  of  comparing  by  coincidenoei 
with  great  rapidity ;  a  consideration  of  no  trifling  importanca 
where  80  chronometers  are  to  be  compared  daily.  Chronom^ 
tcrs  are  frequently  made  to  beat  five  times  in  two  seconds,  whicb 
gives  a  coincidence  at  every  36  seconds  with  a  lialf-second  sid^ 
real  chronometer. 

(306.)  It  is  also  indispensable  to  the  accuracy  of  the  resolts 
tliat  the  personal  equation  of  all  the  observers  employed  in  ob- 
taining the  time  should  bo  carefully  determined.     The  mode  of 
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doing  this  has  already  been  explained  on  page  80.  This  correo-' 
tion  is  the  most  difficult  to  obtain  satisfactorily,  especially  as 
personal  equation  is  not  always  a  constant  quantity,  but  is  liable 
to  vary  with  the  physical  condition  of  the  observer.  It  is  the 
opinion  of  Hr.  Airy,  that  when  a  tolerable  number  of  chronom- 
eters is  used  for  a  moderate  distance,  and  in  good  observing 
"weather,  the  variation  of  personal  equation  is  the  error  to  be 
most  apprehended. 

A  grand  chronometrio  expedition  has  been  for  several  years  in 
progress,  at  the  expense  of  the  United  States  coast  survey,  for 
the  purpose  of  determining  the  difference  of  longitude  between 
Greenwich  and  Cambridge,  Massachusetts.  A  large  number 
of  chronometers  have  been  transported  by  means  of  the  Cunard 
steamers  from  the  Liverpool  Observatory  to  Cambridge,  and  back 
again  to  Liverpool  During  the  summer  of  1849,  forty-four 
different  chronometers  were  employed  in  several  trials,  and 
during  the  progress  of  the  expedition  more  than  four  hundred 
exchanges  of  chronometers  have  been  made.  For  facility  of 
oomparing  the  chronometers,  Mr.  Bond  used  a  chronometer  beat- 
ing half  seconds,  and  gaining  12  minutes  daily  on  mean  solar 
time,  which  furnished  a  coincidence  of  beats  every  90  seconds. 


Section   IL 
lonoitude  determined  by  the  electric  telegraph. 

(307.)  The  diiference  of  the  local  times  of  two  places  may  be 
determined  by  means  of  any  signal  which  can  bo  seen  or  heard 
at  both  places  at  the  same  instant.  When  the  places  are  not 
very  distant,  the  explosion  of  a  rocket  or  the  flash  of  gunpowder 
may  serve  this  purpose.  Six  or  eight  ounces  of  powder  at  night 
makes  a  good  signal  at  a  distance  of  twenty-five  to  thirty  miles ; 
bat  for  a  distance  of  ten  miles,  two  or  three  ounces  are  sufficient, 
if  the  observers  are  provided  with  telescopes. 

(308.)  But  the  electric  telegraph  affords  the  means  of  trans- 
mitting signals  to  a  distance  of  a  thousand  miles  or  more  with 
scarcely  any  appreciable  loss  of  time.  The  first  experiments  of 
this  kind  any  where  made  were  undertaken  in  the  United  States ; 
and,  with  the  exception  of  a  rude  experiment  of  Captain  Wilkes 
in  1844,  all  the  experiments  in  this  country  have  been  made  in 

TT 
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connection  with  the  United  States  Coast  Survey.  Suppose  diere 
are  two  observatories  at  a  consideraUe  distance  from  each  other, 
and  that  each  is  provided  with  a  good  clock  and  a  transit  instrih 
ment  for  determining  its  error ;  then,  if  they  are  connected  bva 
telegraph  wire,  they  have  the  means  of  transmitting  signab  it 
pleasure  from  either  observatory  to  the  other,  for  the  purpose  of 
comparing  their  local  times.  The  signal  is  given  at  either  ^ 
tion  by  pressing  a  key,  as  in  the  usual  mode  ojf  telegrqihiiig; 
and  the  observer  at  the  other  station  hears  the  click  caund  Ij 
the  motion  of  the  armature  of  his  electro-magnet.  Four  Ht- 
ferent  methods  of  comparison  have  been  practiced  in  the  apoh 
iments  by  the  United  States  Coast  Survey. 

(309.)  The  first  method  is  the  most  obvious  one,  and  conntiii 
simply  striking  on  the  signal  key  at  intervals  of  ten  seconds;  tte 
party  at  one  station  recording  the  time  when  the  signals  «« 
given,  and  the  other  party  recording  the  time  when  the  mgak 
were  received.  After  about  twenty  signals  have  been  truamil- 
ted  from  the  first  station  to  the  second,  a  similar  set  d  nigak 
is  returned  from  the  second  station  to  the  first.  This  mode  rf 
comparison  has  but  one  serious  imperfection,  and  this  is,  tint 
it  requires  the  fraction  of  a  second  to  be  estimated  by  die  ctf. 
The  party  giving  the  signals  strikes  his  key  in  coincidence  nith 
the  beats  of  his  clock,  so  that  at  this  station  there  is  no  fradin 
of  a  second  to  be  estimated ;  but  at  the  other  station  the  anntp 
ture  cUck  will  not  probably  be  heard  in  coincidence  with  tk 
beats  of  the  clock,  and  the  fraction  of  a  second  is  to  be  estimate' 
by  the  ear.  Now  this  fraction  can  not  be  estimated  with  the 
accuracy  which  is  demanded  in  this  kind  of  compariscHL  It  ii 
found  that  observers  generally  estimate  the  fraction  of  a  seoool 
too  small  when  using  the  ear  alone,  unassisted  by  the  eye.  This 
error  is  greatest  at  the  middle  date  between  two  clock  beats  aol 
is  found  to  vary  from  0.06  to  0.18  of  a  second  with  different  J^ 
servers. 

(310.)  This  evil  suggested  the  second  method  of  observatioD, 
which  relies  on  the  coincidences  of  a  mean  solar  and  sideieil 
clock  or  chronometer.  The  following  is  the  method  pursuoJ: 
After  transmitting  a  few  signals  by  the  former  method,  so  as  to 
determine  the  difierence  between  the  local  times  of  the  two  sta- 
tions within  a  small  fraction  of  a  second,  the  party  at  the  fint 
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itation  oommences  striking  on  his  signal  key  every  second,  in 
coincidence  with  the  beats  of  his  mean  solar  chronometer,  and 
ocmtinaes  to  do  so  for  ten  or  fifteen  minutes  without  interruption. 
The  party  at  the  second  station  compares  the  armature  click  of 
his  magnet  with  the  beats  of  his  sidereal  clock,  and  watches  for 
a  coincidence,  and  records  the  time  when  the  coincidence  takes 
place.  When  he  has  obtained  two  or  three  coincidences,  which 
generally  requires  from  ten  to  fifteen  minutes,  he  breaks  the  elec* 
trio  circuit,  in  order  to  notify  the  first  party  to  stop  beating.  He 
then  commences  beating  seconds  by  striking  his  own  signal  key 
in  coincidence  with  the  beats  of  his  sidereal  clock ;  and  the  party 
at  the  first  station  compares  the  armature  clicks  of  his  magnet 
with  the  beats  of  his  solar  chronometer,  and  watches  for  a  coin- 
cidence. When  he  has  obtained  three  or  four  coincidences, 
which  generally  requires  ten  or  twelve  minutes,  he  breaks  the 
electric  circuit,  in  order  to  notify  the  other  party  to  stop  beating. 
The  comparison  of  times  at  the  two  stations  is  now  complete. 

(311.)  The  following  observations  were  made  August  1, 1849, 
finr  the  purpose  of  determining  the  difference  of  longitude  be- 
tween the  High  School  Observatory  in  Philadelphia  and  Western 
Reserve  College  Observatory  at  Hudson,  Ohio.  The  time-keeper 
employed  at  Philadelphia  was  a  mean  solar  chronometer,  beat- 
ing half  seconds ;  the  time-keeper  at  Hudson  was  a  sidereal 
dock. 


llfMlt  flren  at  PhUaddphU, 

Signals  reeeiTed  at 

Signals  giTen  at 
HodaoD,  aid.  Tuna. 

Slgnala  reeeiTed  at 
Phitadd..  mean  Time. 

meuTiiM. 

BudflOD,  aid.  Tisw. 

<^              k.      m.      9. 

ik<      fit.        ff. 

Mm                fll>                     9m 

h.      tn,          t. 

14  15  30 

17  44  23.5 

18  13    0 

14  44    1.6 

40 

33.5 

10 

11.8 

50 

43.5 

20 

21.8 

16    0 

53.7 

30 

31.9 

10 

45    3.8 

40 

41.8 

30  20 

49  14.2 

50 

51.7 

30 

24.3 

14    0 

45    1.7 

40 

34.4 

10 

11.4 

50 

44.4  1             20 

21.6 

21    0 

54.5  1             30 

31.6 

10 

50    4.5  I             40 

41.4 

Result,  14  20  40     17  49  34.4     18  14    0 

14  45     1.7 

From  these  comparisons  we  may  conclude  that  14h.  20m.  40s. 
on  the  Philadelphia  chronometer  corresponds  to  17h.  49m.  34.48. 
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on  the  Hudson  ckx)k ;  and  18h.  14nL  Os.  oa  ihe  Hodscm  dock 
correi^nds  to  14L  '45m.  1.78.  on  the  Philadelphia  ohnnioiiieter. 

The  Philadelphia  observer  beat  seconds  for  ten  minutes,  lod 
two  coincidences  were  recorded  at  Hadson ;  viz.,  at 

17h.58m.   Os., 
18h.    4m.  IQs. 
The  Hudson  observer  beat  seconds  for  eleven  miniites^  aol 
three  coincidences  were  recorded  at  Philadel{diia ;  viz.,  at 

14h.  54m.  25s., 
14h.  57m.  28.5s., 
15h.   0m.39& 
The  former  comparisons  show  us  that 

By  the  Philadelphia  CkronamUer.  Bjf  Ikt  Hmitcm.  CItcft. 

14h.  29m.    4s.  correspond  to  17h.  58m.    Obl 
14h.35m.13s.  <'  18h.   4m.  IObl 

14h.  54m.  25s.  "  18h.  23m.  25s. 

14h.  57m.  28.5s.       "  18h.  26m.  298. 

15L   0m.39s.  "  18h.29m.408. 

At  16h.  Cm.  the  Philadelphia  chronometer  was  4L  ^Sbl 
25.78s.  fast,  and  losing  2.22s.  per  day. 

At  18h.  6m.  the  Hudson  clock  was  8.13s.  fast,  and  losing  L02i 
per  day. 

In  the  following  table,  column  first  shows  the  corrected  IU> 
adelphia  mean  times  ;  column  second  the  corresponding  Phili- 
delphia  sidereal  times ;  column  third  the  corrected  Hudsoo  s- 
dereal  times ;  and  column  fourth  shows  the  differences  betweeo 
the  numbers  in  the  two  preceding  columns,  or  the  diflferenoeof 
longitude  between  the  two  places. 


Ptiiladel.  mean  Time. 

PhUaddpbl*  .id.  Time. 

Hudson  Bid.  Time. 

—  iriiinnii 

A*                WW%m                          m» 

Ji.      III.         f. 

A*              vrC*                      #• 

m.        «. 

9  40  38.08 

18  22  57.43 

17  57  51.87 

25  5.56 

9  46  47.09 

18  29     7.45 

18    4    1.87 

5.58 

10    5  59.12 

18  48  22.63 

18  23  16.89 

5.74 

10    9    2.62 

18  51  26.64 

18  26  20.89 

5.75 

10  12  13.13 

18  54  37.66 

18  29  31.89 

5.77 

Mean  of  results  by  eastern  signab,   25m.  5.578. 
"         "         western  signals,  25m.  5.759. 
Mean  of  both,  .  25m.  5.668. 

The  difference  between  the  results  by  eastern  and  western  aig- 
nals  is  partly  duo  to  the  time  required  for  the  transmission  of  tbf 
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signals ;  but  this  effect  disappears  from  the  mean  of  both  sets  of 
signals. 

(312.)  A  third  method  of  comparing  local  times  is  by  tele- 
graphing transits  of  stars.  This  method  was  practiced  in  the 
summer  of  1848,  between  New  York  and  Cambridge,  in  the  fol- 
lowing manner :  A  list  of  zenith  stars  is  selected  beforehand,  and 
furnished  to  each  observer.  When  every  thing  is  prepared  for 
observation,  the  Cambridge  astronomer  points  his  telescope  upon 
one  of  the  selected  stars  as  it  is  passing  his  meridian,  and  strikes 
the  key  of  his  register  at  the  instant  the  star  appears  to  coincide 
with  the  first  wire  of  his  transit.  He  makes  a  record  of  the 
time  by  his  own  chronometer,  and  the  New  York  astronomer, 
hearing  the  click  of  his  magnet,  records  the  time  by  his  own 
dock.  As  the  star  passes  over  the  second  wire  of  the  transit  in- 
strument, the  Cambridge  astronomer  again  strikes  the  key  of  his 
register,  and  the  time  is  recorded  both  at  Cambridge  and  New 
York.  The  same. operation  is  repeated  for  each  of  the  other 
wires.  The  Cambridge  astronomer  now  points  his  telescope 
upon  the  next  star  of  the  list,  which  culminates  after  an  inter- 
val of  five  or  six  minutes,  and  telegraphs  its  transit  in  the  same 
manner.  In  about  twelve  minutes  from  the  former  observation, 
the  first  star  passes  the  meridian  of  New  York,  when  the  New 
York  astronomer  points  his  transit  instrument  upon  the  same 
star,  and  strikes  the  key  of  his  register  at  the  instant  the  star 
passes  each  wire  of  his  transit.  The  times  are  recorded  both  at 
New  York  and  Cambridge.  The  second  star  is  telegraphed  in 
a  similar  manner.  The  same  operations  are  now  repeated  upon 
a  second  pair  of  stars,  and  so  on  as  long  as  may  be  thought  de- 
sirable. 

The  chief  objection  to  this  method  is,  that  it  involves  the  es- 
timation of  fractions  of  a  second,  as  in  the  usual  mode  of  transit 
observations ;  that  is,  it  involves  the  personal  equation  of  the 
observers. 

(313.)  The  fourth  method  of  comparison  obviates  this  evil  in 
some  degree,  by  printing  the  signals  upon  a  cylinder  or  a  fillet 
of  paper.  There  must  be  a  clock  at  one  of  the  stations  for 
breaking  the  electric  circuit  every  second,  as  described  in  Art 
102 ;  and  there  must  be  a  register  at  each  of  the  stations  for 
recording  the  beats  of  the  dock  and  any  other  signals  which 


310  Practical  Astronomy. 

may  be  required,  as  desoribed  in  Art.  106.    When  the  conneo- 
tions  aTe  properly  made,  there  will  be  heard  a  click  of  the  mag- 
nets at  each  station  simultaneously  with  the  beats  of  the  electrio 
clock,  and  the  registers  will  all  be  graduated  into  second  spaces. 
The  method  is  not  Umited  to  two  stations,  but  a^y  numjber  of 
stations  may  be  compared  at  the  same  time.    In  January,  1849, 
Cambridge,  New  York,  Philadelphia,  and  Washington' were  con- 
nected in  this  manner.     The  mode  of  observation  is  the  same 
as  described  in  the  preceding  article,  except  that  the  observations 
are  all  recorded  by  the  operation  of  machinery.     The  Cambridge 
astronomer  strikes  the  key  of  his  register  as  the  star  passes  suc- 
cessively each  wire  of  his  transit  instrument,  and  the  dates  are 
printed  not  only  upon  his  own  register,  but  also  upon  those  at 
New  York,  Philadelphia,  and  Washington.    When  the  same  star 
comes  over  the  meridian  of  New  York,  the  observer  there  goes 
through  the  same  operation,  and  his  observations  are  printed 
upon  all  four  of  the  registers.     The  Philadelphia  observer  does 
the  same  when  the  star  comes  upon  his  own  meridian,  and  we 
proceed  in  the  same  manner  whatever  be  the  number  of  stations. 
Thus  we  have  four  or  more  registers  all  graduated  into  equal 
parts  by  the  ticking  of  the  same  clock,  and  upon  these  we  have 
printed  the  instants  at  which  the  star  was  seen  to  pass  each  wire 
of  the  transit  telescopes  at  the  several  stations.     These  observa- 
tions furnish  the  difference  of  longitude  of  the  stations,  inde- 
pendently of  the  tabular  place  of  the  star  employed,  and  also  in- 
dependently of  the  absolute  error  of  the  clock.     The  observ 
now  read  their  levels,  and  reverse  their  transit  instruments, 
second  star  is  now  telegraphed  successively  over  each  meridiar^^ 
and  so  on  as  long  as  may  be  desired. 

(314.)  The  following  example  is  derived  from  observatio^XTs 
made  in  the  summer  of  1852,  to  determine  the  difference    c?/ 
longitude  between  Seaton  Station,  in  Washington,  District    c{ 
Columbia,  and  Roslyn  Station,  near  Petersburgh,  Virginia.    Tie 
observations  at  Seaton  were  recorded  upon  Bond's  spring  govern- 
or, and  those  at  Roslyn  upon  Saxton's  register,  and  also  a  Morse 
register.     The  diaphragms  of  the  transits  consisted  of  twenty. 
five  wires,  arranged  in  groups  of  five.     The  following  are  the  ob- 
servations  of  star  6150,  British  Association  Catalogue,  July  7, 
1852,  with  the  complete  reduction  for  determining  the  clock  error: 
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8e«ton  Station. 

Rodyn  Station. 

k.    m.           a. 

A.    m.         «. 

Mean  of  all  the  wires, 

18  2    9.341 

18  3  46.108 

Beduction  to  middle  wire, 

+.030 

.000 

Pinrnal  aberration. 

-.018 

-.018 

Lerel  correction, 

-.014 

-.076 

Azimuth  correction, 

-.082 

-.156 

CoUimation  correction, 

-.106 

-.192 

Personal  equation. 

-.146 

-.000 

Saniy 

18  2    9.006 

18  3  44.666 

Star's  right  ascension. 

18  1  48.288 

18  1  48.288 

Clock  error, 

20.717 

1  56.378 

The  following  table  shows  the  clock  errors, 

derived  in  a  sim- 

ilar  manner,  from  the  transits  of  15  stars,  on 

the  night  of  July 

7th: 

star. 

Clock  «mits  u 

V 

DUKrenca. 

S6SI0II. 

Roalyn. 

6150,  B.  A.  C. 

20.717 

m.          a. 

1  56.378 

m.         t. 

1  35.661 

6268        " 

21.214 

56.710 

36.496 

6365       « 

20.977 

56.539 

36.562 

6404       " 

21.134 

56.706 

35.571 

6699       " 

20.912 

66.636 

35.623 

6667       « 

20.942 

56.663 

35.721 

6722       « 

21.023 

56.652 

^      36.629 

6784       « 

20.964 

66.659 

36.695 

7048       « 

21.398 

56.909 

35.591 

7114       " 

21.183 

66.768 

35.585 

7204       " 

21.017 

66.739 

35.722 

7277       « 

21.034 

66.713 

35.679 

7883       « 

21.015 

56.642 

35.627 

7398       " 

20.938 

66.347 

35.409 

7621       " 

20.917 

56.697 

1852 

a  six  nights  . 

35.680 

Mean  of  observi 
Mean  of  all  the 

ition»  July  7,  '. 
observations  o 

.    1  35.617     , 
.     1  35.603 

(315.)  This  method  of  observation  is  so  accurate  as  to  furnish 
a  tolerable  measurement  of  the  velocity  of  the  electric  fluid.  If 
the  fluid  requires  no  time  for  its  transmission,  then  the  signals 
given  at  either  station  ought  to  be  similarly  printed  at  all  the 
•tations ;  and  the  fraction  of  a  second  registered  upon  any  one 
aoale  should  be  identically  the  same  as  upon  every  other.  But 
fluid  requires  time  for  its  transmission,  these  fractions  will 
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te  differeat  Sappos6.tlie  clock  t43  bo  at  Washington  ;  that  a 
arbitrary  signal  is  made  at  Cambridge ;  and  that  the  time  toc^  J 
nisite  for  the  transmission  of  a  signal  between  the  two  places  is 
the  thirtieth  of  a  second.  Then  the  clock-pause  will  be  regis- 
tared  at  Cambriilge  ^Igth  of  a  second  after  it  took  place  and  was 
recorded  at  Washington,  and  the  arbitrary  sigual-pauae  will  bo 
recorded  at  Cambridge  as  soon  as  it  is  made,  or  ^{jth  of  a  second 
bolbre  it  reaches  Washington.  We  shall  thus  have  the  interval 
between  the  signal-pause  and  the  preceding  clock-pause  longer 
at  Washington  tlian  at  Cambridge,  and  the  excess  on  the  WatJi- 
ington  register  will  measure  twice  tlie  time  constjmed  in  tlie 
transmission  of  the  signals  between  the  two  stations- 

Thus,  in  the  following  figure,  let  the  upper  hne  represent  a 
portion  of  the  Washington  time  scale,  corresponding  to  15,  16, 

W»ih,gl.,. « ^ ^ ." B 


Cunbridgc, 


etc.,  seconds,  and  the  bwer  line  the  same  for  Cambridge,  eadh 
division  being  a  little  later  than  the  corresponding  one  tor 
Washington.  Then,  if  an  arbitrary  signal  is  made  at  Cam- 
bridge between  16  and  17  fiecoods,  and  printed  at  A,  the  rec- 
ord on  the  Washington  scale  will  be  at  B,  and  the  interval  from 
16  to  B  will  exceed  that  from  16  to  A  by  twice  the  time  eon- 
snmed  in  the  transmission  of  tlic  signals  from  Cambridge  to 
Washington. 

Numerous  observations  have  been  made  under  the  direction, 
of  the  superintendent  of  the  Coast  Survey  for  the  purpose  of  de- 
termining the  velocity  of  the  electric  fluid,  and  the  general  ra — 
aolt  is  about  16,000  miles  a  second. 


Section  III. 

LONOITDDS    DETERMINED    BV    MOON-CULMINATINa   BTAU. 

(316.)  The  moon's  motion  in  right  ascension  is  veij  JUfld, 
amounting  to  aboot  one  minnta  in  arc  for  every  two  minntM 
of  time. 

If,  then,  the  right  asoeneion  of  the  moon  h^  been  obserrad  it 
two  different  stations,  we  may  infer  the  differenoe  of  longitnda 
of  the  two  meridiana  from  tlie  difierenoe  of  the  obserred  li^ 
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ascensions  compared  with  the  times  of  ohservation.  If  we  have 
a  transit  instrument  adjusted  to  the  meridian,  and  observe  the 
passage  of  the  moon's  Umb  and  some  known  star,  we  can  deduce 
the  right  ascension  of  the  moon's  limb  from  the  known  right  as- 
cension of  the  star.  If  we  select  for  comparison  a  star  which  is 
near  the  moon,  the  errors  of  the  instrument  will  have  but  Uttle 
influence  upon  the  result,  since  these  errors  will  be  nearly  the 
same  for  the  moon  and  star.  The  EngUsh  and  American  Nau- 
tical Almanacs  both  furnish  the  moon's  place  and  those  of  cer- 
tain neighboring  stars  on  every  day  upon  which  it  is  possible  to 
observe  the  moon.  These  stars  are  called  moon-culminating 
stars,  and  are  generally  four  in  number  for  each  day,  two  pre- 
ceding and  two  following  the  moon,  and  nearly  on  the  same  par- 
allel of  declination. 

(317.)  The  Nautical  Almanao  furnishes  the  right  ascension 
of  the  moon's  bright  limb  for  the  lower  as  well  as  the  upper  cul- 
mination, L.  C.  being  put*to  denote  the  lower  culmination,  and 
U.  C.  the  upper  culmination.  The  right  ascension  of  the  moon's 
bright  limb  is  given  for  every  day^  with  a  view  to  the  more  ac- 
oorate  determination  of  its  variation,  when  required.  It  also 
furnishes  the  variation  in  right  ascension  of  the  moon's  limb  in 
one  hour  of  longitude ;  that  is,  the  variation  during  the  interval 
of  her  transit  over  two  meridians,  equidistant  from  that  of  Green- 
wich, and  one  hour  distant  from  each  other.  These  numbers 
are  deduced  from  the  right  ascensions  of  the  bright  Itmbj  and 
therefore  include  the  effect  produced  by  the  change  of  the  semi- 
diameter. 

(318.)  These  numbers  enable  us  to  determine  the  difference 
of  l<»igitude  of  any  two  places  where  corresponding  observations 
of  the  moon's  limb  have  been  made.  The  observations  furnish 
the  right  ascension  of«the  moon's  bright  limb  at  its  transit  over 
each  meridian,  which  we  will  represent  by  A  and  A^ ;  hence  we 
know  the  moon's  motion  in  right  ascension.  A''— A,  during  the 
interval  of  the  two  transits.  But  the  Almanac  furnishes  the  va- 
riation of  the  moon's  right  ascension  corresponding  to  one  hour, 
which  we  will  represent  by  V. 

We  shall  therefore  have  the  proportion 

V :  A^— A ::  1  hour :  the  difference  of  longitude. 

Ex.  1.  The  right  ascension  of  the  moon's  first  limb,  Septem- 
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ber  6, 1940,  was  observed  at  Washington  tobe  19h.31m.99.90fcf' 
and  on  tho  same  evening,  at  Hudson,  Ohio,  19h.  22ni.  9.723.  B«* 
qaired  tho  difierenoe  of  longitudG  of  the  two  places. 

Here  A'-A=39.82s. 

That  valno  of  V  must  be  taken  which  corresponds  to  the  nud> 
die  of  the  interval  between  the  observations,  which  is  found  1^ 
interpolation  to  be  135.55s.     Hence  wo  have 

135.558. :  39.82s. : :  1  hour :  17m.  37.56s., 
which  is  the  required  difference  of  longitude. 

(319.)  .Since  the  moon's  motion  in  right  ascension  is  not  uni- 
fiirm,  this  method  of  reduction  can  not  be  relied  upon  when  tho 
distance  between  tho  meridians  is  considerable.  The  following 
method  in  such  cases  is  to  bo  preferred : 

Let  (J  represent  the  approximate  longitude  of  the  station  to 
be  compared  with  Greenwich,  as  Washington,  for  example,  and 
(j+a;  the  true  longitude  to  be  determined.  Let  A  and  A'  be  tho 
observed  right  ascensions  of  the  raoonS  limb  at  the  moments  of 
its  passing  the  meridians  of  Greenwich  and  Washington  respect- 
ively. These  will  evidently  be  the  sidereal  times  of  her  tran^ 
at  those  places.  Find,  by  interpolation  from  the  Nautical  Al- 
manac, the  moon's  right  asoenaion  for  the  assumed  longitude  Ut 
and  call  it  A".  Now  A',  the  sidereal  time  of  transit  of  As 
moon's  limb  at  Washington,  is  her  right  ascension  for  the  tn» 
longitude  u+x,  and  consequently  A'— A"  is  the  increase  oftlie  , 
moon's  right  aspension  for  the  small  aro  of  longitude  x. 

Let  m'=A'  —  A^the  observed  increase  of  ri^t  asoenaion  of 
the  moon's  limb  between  the  two  jM- 
ridians. 
«i=A"— A=the  increase  computed  for  the  aasnined 
longitude  u. 

Then  m'— in=A'— A"=the  exoees  of  tiie  observed  manus 
above  the  oomputed  increase. 

And  we  shall  have 


that  is,  x=—(m'—m). 

The  true  longitude =u  4- :>:■ 

Ex.  2:  The  increase  of  right  ascension  of  tiie  moon's  brigbt 
limb  between  her  transita  over  the  meridians  of  GreMiwioh  and 
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HadsoD,  Ohio,  September  6, 1840,  was  found  to  be  12m.  17.95s. 
Required  the  difference  of  longitude. 

Acoording  to  the  Nautical  Aknanac,  the  right  ascension  of  the 
moon's  bright  limb  for  Greenwich  transit  was, 


IHtte. 

R.  A.  Mooa*« 
Limb. 

ly. 

D". 

D". 

D"^. 

Mm  ■       If**                 9* 

m.      », 

9. 

9, 

«. 

Sept.  5,  U.  C. 

18  14  46.36 

+27  40.48 

L.  C. 

18  43  25.84 

+27  26.68 

-14.80 

-b.ll 

"    6,  U.  C. 

19    9  51.52 

*o  =  +27    5.11 

c,= -20.67 

<=-4.09 

«,,  =+1.68 

L.C. 

19  36  56.63 

Co  =  -24.66 

e,=  +  1.94 

+26  40.45 

-2.16 

"    7,  U.  C. 

20    3  37.08 

+26  13.64 

-26.81 

L.C. 

20  29  50.72 

• 

+  L818. 


and  the  successive  orders  of  difTerenoes  are  found  as  above. 
Hence  we  have,  hy  Art.  223, 

+1625.118.     I     -22.615s.     |     -4098.     | 

We  will  assume  a>  to  be  5L  25m.  40s.    The  process  for  find* 
JQg  the  value  of  A''— A,  by  Art.  223,  will  be  as  follows : 
fih.25m.40s.=  19540s. =4.2909246  log.^(^-l)79.3940» 

12L=  43200s.=4.6354837  <-i=-.047685=8.6784» 

6  comp.=95218 
rf=-4.09s.=0.61Ji7« 


t=  .452315=9.6564409 
i=1625.1l8.=3.2108828 


+735.061s.=2.86«3237 

log.  ^=9.65544 
<_1=_.547685=9.73853» 
2  comp. =9.69897 
c= -22.6153. =1.35440» 
+2.801S. =0.44734 


-0.0088. =7.9059« 
log.  /(/-1)=9.3940» 
/+1=    1.452315=0.1621 
<-2=-1.547685=0.1897« 
24  comp.=8.6198 
e=+1.81s. =0.2577 
+0.0428.=8.6233 


Ebnce 

A"- A= OT = 735.0618. + 2.8018.  -  .0088. + .042s. = 737.896s. 
Bat  f»'= 737.958.= the  observed  increase  of  right  jascension. 
Hence  m'— in=+0.054s.=tbe  observed  excess. 
Therefore 

737.8968. :  195403. ::  0.0548. :  x= 1.43s. 

The  assumed  longitude  was 5h.  25m.  408. 

The  coneotion  is +1.433. 

The  longitude  from  this  observation  is .  .  5h.  25m.  41.43s. 
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(320.)  The  increase  of  right  ascension  of  the  moon's  bri^ 
limb  should,  if  possible,  be  derived  from  actoal  observations  at 
G-reenwich ;  or,  at  all  events,  the  errors  of  the  tables  should  be 
corrected  by  observations  at  some  standard  observatory. 

The  chief  disadvantage  of  this  method  consists  in  this  cir- 
cumstance, that  an  error  in  the  observed  increase  of  right  as- 
cension will  produce  an  error  between  20  and  30  times  as  great 
in  the  computed  longitude.  The  increeuse  of  right  asoensioQ  of 
the  moon's  limb  in  one  hour  of  longitude  varies  from  112  seconds 
to  180  seconds.  In  the  former  case,  an  error  of  one  second  in 
the  observed  increase  of  right  ascension  would  cause  an  error 
of  32  seconds  in  the  deduced  longitude ;  and  in  the  latter  caae^ 
it  would  cause  an  error  of  20  seconds.  Hence,  to  obtain  a  9at> 
is&ctory  result  by  this  method,  requires  a  series  of  observationi 
made  with  the  utmost  care,  and  continued  through  a  long  peiiod 
of  time. 

(321.)  It  is  found  that  telescopes  of  different  optical  power  do 
not  exhibit  the  mocm  of  the  same  diameter ;  and  the  determiM- 
tion  of  longitude  from  a  single  observed  moon-culminatioii  is  al- 
ways liable  to  error  from  this  source.  In  order  to  eliminate  Hut 
error,  we  should  so  arrange  the  series  of  observations  that  the 
error  shall  sometimes  be  in  excess,  and  at  other  times  in  defect; 
and  this  is  accomplished  by  observing  successively  both  limbs  of 
the  moon ;  that  is,  by  observations  of  the  first  limb  before  fiiD 
moon,  and  of  the  second  limb  after  full  moon.  The  obeenv 
should  also  take  care  that  the  apparent  diameter  of  the  moon  m 
not  magnified  by  imperfect  optical  adjustment  of  his  telescope; 
for  which  purpose  he  must  see  that  the  eye-piece  is  accurateif 
adjusted  to  the  focus,  in  order  that  the  moon  and  the  spider  lines 
may  both  appear  sharp  and  distinct  at  the  same  time. 

(322.)  The  method  of  determining  longitude  by  lunar  dis- 
tances is  closely  allied  to  the  method  of  moon-culminating  stars; 
but  this  method,  being  little  used  in  fixed  observatories,  is  not 
treated  of  in  the  present  volume.  The  common  mode  of  le- 
ducing  a  lunar  distance  yields  very  imperfect  results ;  but  in  the 
American  Nautical  Almanac  for  1855,  Professor  Chauvenet  has 
given  a  method  of  making  the  reductions  with  entire  accuracy, 
and  has  furnished  tables  by  which  the  computations  are  made 
with  great  facility. 
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Section  IV. 

LONGITUDE  DETERMINED  FROM  OCCULTATIONS  OF  STARS,  BY  FINDING 

THE   TIME   OF   TRUE   CONJUNCTION. 

(323.)  On  account  of  the  moon's  parallax,  it  often  happens 
that  a  star  which  is  occulted  by  the  moon  to  an  observer  at  one 
station  is  not  occulted  at  a  second  station,  or  the  occultation  be- 
gins at  a  different  instant  of  time.  We  can  not,  therefore,  use 
an  occultation  as  an  instantaneous  signal  for  comparing  directly 
the  local  times  at  the  two  stations ;  but  we  may  deduce  from 
the  observed  occultation  the  time  of  true  conjunction  of  the 
moon  and  star ;  that  is,  the  time  of  conjunction  as  seen  from  the 
oentre  of  the  earth ;  and  this  is  a  phenomenon  which  happens 
at  the  same  absolute  instant  for  every  observer  on  the  earth's 
mufaoe.  For  tixis  purpose,  we  must  determine  from  the  ob- 
served  instant  of  immersion  or  emersion, 

1st.  The  apparent  difference  of  right  ascension  between  the 
moon  and  star. 

2d.  The  true  difference  of  right  ascension  between  the  moon 
and  star. 

3d.  The  time  of  true  conjunction. 

(324.)  In  the  annexed  figure,  let  P  represent 

tiie  pole  of  the  equator,  M  the  centre  of  the  moon, 

and  S  the  star  at  the  instant  of  upmersion,  when 

its  apparent  distance  from  the  moon's  centre  is 

equal  to  the  moon's  semi-diameter.    Let  SD  be  a 

parallel  of  declination,  passing  through  S,  and  let 

AB  be  the  arc  of  the  equator,  intercepted  between  ^ 

the  hour  circles  PS  and  PM  prolonged.    Then  MD 

is  the  apparent  difference  of  declinations  between 

the  star  and  the  moon's  centre,  which  we  will  rep-  ^     3 

SD 
resent  by  <J ;  and —  is  their  apparent  difference  of  right  as- 

COS.  A,id 

censions,  which  we  will  represent  by  a.    Also,  we  will  represent 
SH,  the  moon's  semi-diameter,  by  A. 

Now  the  triangle  SMD  being  necessarily  very  smaU,  we  may 
regard  it  as  a  plane  triangle,  and  we  shall  have 

SD»= A»-<P=(A+<5)  (A-<5). 
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Whence  ,^V(A+<5)(A-j) 

COS.  a 
putting  cf.for  AS,  or,  more  properly,  i(AS+BM). 

If  we  represent  the  moon's  parallax  in  right  ascension  by  t, 
the  difference  between  the  true  right  ascensions  of  the  moon  and 
star  will  be  represented  by 

The  time  required  by  the  moon  to  describe  this  arc  may  be 

found  by  the  proportion 

w :  3600s.  ::a=b7r:^, 

where  m  is  the  hourly  motion  of  the  moon  in  right  asoennoo, 

oorre^nding  to  the  middle  of  the  interval  between  the  observed 

time  and  that  of  true  conjunction  of  the  rrnxm  and  star. 

„  .    3600,  _^   . 

Hence  J= (a±7r). 

fit 

Let  T  represent  the  observed  instant  of  immersion  or  emer- 
sion ;  then  T±.t  will  be  the  instant  of  the  true  conjunctioD. 

(325.)  If  the  oocultation  has  been  observed  under  a  seoood 
meridian,  we  may  in  the  same  way  determine  the  instant  of  tme 
conjunction  at  the  second  place.  Now  the  absolute  instant  of 
this  phenomenon  is  the  same  for  both  places ;  hence  the  diffe^ 
ence  of  the  two  results  thus  obtained  is  the  difference  of  longi- 
tude of  the  two  stations.  If  the  two  stations  are  not  veiy  I^ 
mote,  the  effect  of  any  small  error  in  the  tables  of  the  moon  wA 
be  partially  eliminated  from  the  result.  If  the  oocultation  1ms 
not  been  observed  under  a  second  meridian,  we  must  calcnlite 
the  time  of  true  conjunction  for  Grreenwich  according  to  the  ta* 
bles,  and  compare  this  time  with  that  deduced  from  the  obserrt- 
tion. 

Example,  The  inmiersion  of  ri  Tauri  was  observed  at  die 
High  School  Observatory,  Philadelphia,  July  6,  1839,  at  Ifflt 
30m.  25.39s.  mean  time ;  and  at  Hudson,  Ohio,  at  16h.  2m. 
21.67s.  mean  time.  Required  the  difference  of  longitude  of  the 
two  places. 

We  will  assume  the  longitude  of  Philadelj^a  to  be  Sl  On. 
42.5s.,  and  that  of  Hudson  to  be  5h.  25m.  41.88. ;  the  eorf»> 
spending  Greenwich  times  of  observation  will  be  21h.  81m. 
7.89s.,  and  21h.  28ra.  2.97s. 

For  21h.  31m.  7.89s.  Greenwich  time,  the  moon's  equatorial 
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parallax,  by  Adams*  Tables,  is  59^  41'^7,  which,  reduced  to  the 
latitude  of  Philadelphia,  is  59^  36^^8.  The  moon's  parallax  in 
right  ascension  for  this  case  was  computed  in  Ex.  1,  page  189, 
and  found  to  be  44^  17''''.1.  The  paraUax  in  declination  was 
computed  in  Ex.  1,  page  194,  and  found  to  be  26'  KKM.  The 
mo(Hf8  true  semi-diameter  is  16'  16''.0.  The  augmentation  was 
computed  in  Ex.  2,  page  201,  ieind  found  to  be  lO'MS.  Hence 
the  augmented  semi -diameter  is  16'  26".2=A.  Also,  m~ 
2286".2. 

The  moon's  true  declination  ..=24^    S'  11".6N. 

Parallax  in  declination =.       26^  10".l 

Moon's  Apparent  declination  «  .  =23^  39'     1".5 

Star's  declination =23^  36^  17'M 

r  J=difference =  2'  44".4=164".4. 

Hence  A+<J=1150".6 

A-<J=  821".8 

rf=:23o  37'  39".3 

.   a=apparent  difference  of  R.  A.  y^^^^'^  x  jglg = 1061".9 

COS.  d 

7r==2657".l 

a-fir= the  true  difference  of  right  ascension =3719".0 

^    3719.0x3600     .„^^       ^.    ^„      „^ 
— 2286  2 — = 5856.2s. =lh.  37m.  36.2s., 

^lAidi,  added  to  16h.  30ih.  25.39s.,  gives  18h.  8m.  1.59s.  for  the 
Pliiladeljdua  time  of  true  conjunction. 

So  also  for  21h.  28m.  2.97s.  Greenwich  time,  the  moon's  equa- 
torial parallax  is  59'  41".7,  which,  reduced  to  the  latitude  of 
Hudson,  is  59'  36".5.  The  moon's  parallax  in  right  ascension 
for  this  case  was  computed  in  Ex.  3,  page  190,  and  found  to  be 
4ty  56".5.  The  parallax  in  declination  was  computed  in  Ex.  3, 
p^ga  195,  and  found  to  be  29'  17".9.  The  augmentation  of  the 
moon's  semi-diameter  was  computed  in  Ex.  4,  page  201,  and 
fofimd  to  be  8".9.  Hence  the  augmented  semi-diameter  is  16' 
24^^9=A.    Also,  m=2286'a. 

The  moon's  tree  declination  •  ......  =24°    4'  41".7 

Parallax  in  declination  • =         29'  17".9 

Moon's  apparent  dddination =23^  35'  23''.8 

Star's  declination =23o  36'  17".l 

d=difference .  .  .  =  53".3 
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Hence  A +<5= 1038^^2 

a  =r  apparent  difference  of  E.  A,  = — ; — 1-= lOTS'^Z 

'^'^  006.  a 

7r=2756^5 
a +7r= the  true  difference  of  right  ascension   .  .  .  =3829^^7 
^  ^  3829^3600 ^gQ3Qgg^jj^  40m.  30.88., 

2^0D.l 

which,  added  to  16h.  2m.  21.67s.,  gives  ITh.  42m.  52.478.  far  ths 
Hudson  time  of  true  conjunction. 

Subtracting  the  Hudson  time  of  true  conjunction  from  tiw 
Philadelphia  time,  we  obtain  2dm.  9.1s.,  which  is,  therefcne,  Ao 
difference  of  longitude  of  the  two  places,  as  determined  by  theso 
observations.  • 


Section  V. 


LONGITUDE    DETERMINED   FROM    0CCULTATI0N8   OF  STARS   BT  Vta§ 
THE    moon's   MOTION    IN    ITS   APPARENT   ORBIT. 

(326.)  From  the  supposed  longitude  of  the  place  we  must  de- 
duce the  Greenwich  time  of  the  observation,  and  for  this  time 
find  the  true  place  of  the  moon,  and  compute  ite  parallax  in  right 
ascension  and  declination,  from  which  we  derive  the  moon's  ip 
parent  place.  Subtracting  the  place  of  the  moon  from  that  of 
the  occulted  star,  we  obtain  the  apparent  distance  of  the  stir 
'  from  the  moon's  centre.  If  this  distance  is  equal  to  the  mooo^ 
semi-diameter,  augmented  for  its  apparent  altitude,  the  assumed 
longitude  is  correct ;  but  if  these  quantities  are  not  equal,  the 
assumed  longitude  is  erroneous,  and  the  correction  of  the  longi* 
tude  may  be  obtained  according  to  the  principles  of  SectioQ  IH 
of  Chapter  XL 

It  is  here  supposed  that  the  places  of  the  moon  given  in  tb 
Nautical  Almanac  are  perfectly  correct.  In  order  that  the  longi* 
tude  may  be  obtained  with  the  greatest  accuracy,  the  oorreo- 
tions  of  the  tables  should  be  deduced  from  observations  at  some 
place  whose  longitude  is  well  known,  and  these  corrections  should 
be  applied  to  the  tabular  places  before  computing  the  distance 
between  the  moon  and  star. 


LONOITUDS. 


321 


Example.  The  immeisian  of  u  Taori  vtbls  observed  at  Cam- 
bridge, January  23, 1850,  at  7h.  14m.  39.05s.  mean  time ;  the 
emersion  at  8h.  29m.  50.25s;  mean  time.  Required  the  longi- 
tude of  Cambridge  from  GreenwicL 

Assuming  the  longitude  of  Ca^nbridge  from  Greenwich  to  be 
4h.  44m.  30s.,  the  corresponding  Greenwich  times  of  immersion 
and  emersion  will  be  llh.  59m.  9.05s.,  and  13h.  14m.  20.25s. 
For  these  times  We  find  the  right  ascension  and  declination  of 
the  moon  from  the  Nautical  Almanac,  and  apply  the  corrections 
found  on  page  340.  At  the  time  of  immersion,  the  moon's  hour 
angle  was  14^  46^  11^^85  E. ;  its  horizontal  parallax,  reduced 
tQ  the  latitude  of  Cambridge,  was  59^  44^^6 ;  and  its  semi-diam- 
etar,  augmented  for  altitude,  16^  33^^.4.  At  the  time  of  emer- 
sion, the  hour  angle  was  3°  18^  12^^.95  W. ;  its  reduced  hori- 
zontal  parallax,  59^  47^^0 ;  and  its  augmented  semi-diameter, 
1&  34^^.6.    Hence  we  obtain  the  following  results : 


For  Iminenioa. 


For  Emeniion. 


Mo<m*i  troe  place 

Correction  to  do 

Moon's  parallax 

Moon*a  apparent  place  . . . 
Star's  place 

Difference 

RMuced  to  seconds  of  arc . 


■•  R.  At 

ht     fftm  9» 

4  25  34.12 

-0.52 

47.70 


4  26  21.30 
4  27  19.64 


58.24 
839.5 


Dee. 

16  29  58.5  N 
-2.3 
26  43.5 


R.  A. 

h,    ffl.         9t 

4  28  40.02 
-0.52 
10.80 


16    3  12.7 
16  12    3.4 


4  28  28.70 
4  27  19.54 


8  50.7 
530.2 


1     9.16 
996.2 


Dee. 

/       // 


16  38    6.3  N. 
-2.3 
26  13.2 


16  11  49.8 
16  12    3.4 


13.6 
12.9 


The  hourly  motion  in  right  ascension  is  1464^^9,  and  in  dec- 
Knation  41S''.8. 

Hence,  in  the  triangle  HMM''  (see  fig.  next  page), 
1464^^9 :  412^8 ::  1 :  tang.  HMM'= 15°  44^  WA, 
cos.  HMM^ :  1 ; :  1464^^9 :  MM'' = 1521^^97, 
which  b  the  hourly  motion  in  orbit. 

In  the  triangle  DSM, 

530^^2 :  839^^5 ::  1 :  tang.  DSM=57o  43^  33^''.2, 
sin.  DSM :  839''^5 ::  1 :  SM= 992^^94. 
Hence  MSC = 73°  27'  49'^4, 

1 : 992^^94:: cos.  MSC : SC=282''.6, 
SB = 993^^4 :  282^^6 : :  1 :  cos.  BSC = 73^  28'  17''.8. 
Hence  BSM=28''.4, 

sin.  SBM : 992''.94 ::  sin.  BSM :  BM=0''.48. 
The  time  of  describing  BM= 1.14s.,  which  is  the  correction 
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to  the  assumed  longitude,  as  deduced  fiom  the  o1)6erved  im- 
mersion. 


W.9 :  996''^2 ::  1 : tang.  DSM'=89o  15^  29'^5, 
sin.  DSM' :  996^^2 ::  1 :  SM^=996^^31. 
Hence  M^'SC = 73^  3^  13'^0, 

994^^6 :  282''.6 ::  1 :  cos.  ESC=73o  29^  31'^?. 
Hence  ESM^=r  4r^3, 

sin.  SEM^  1996^^31::  sin.  ESM^:EM'=r^72. 
The  time  of  describing  EM^= 4.07s.,  which  is  the  conedikii 
to  the  assumed  longitude,  as  deduced  firom  the  observed  emer- 
sion. 
Hence  the  longitude  of  Cambridge,  derived  from  the  obser^ 
Immersion,  is  .  .  4h.  44m.  30s.— 1.14s. =4h.  44m.  28.86a. 
Emersion, is.  .  .  4h. 44m. 30s.— 4.07s. =4h. 44m. 25.93& 

The  mean  of  the  two  results  is 4h.  44nL  27.4(k 

In  a  similar  manner,  we  may  determine  the  longitude  from  t 
solar  eclipse. 


Section  VL 
bessel's  method  of  computing  the  longitude  of  a  place,  aso 

THE    error    of    the    TABLES,   FROM    OBSERVATIONS    OF    A   SOLAl 


ECLIPSE. 


(327.)  We  obtain  directly  from  observation  either  the  sideretl 
time  or  the  apparent  solar  time  of  the  different  phases  of  an 
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eclipse ;  "but  to  deduce  the  corresponding  mean  time  requires  at 
least  an  approximate  knowledge  of  the  longitude  of  the  place. 
We  may,  however,  generally  assume  that  the  longitude  is  known 
with  sufficient  precision  to  enable  us,  without  material  error,  to 
deduce  the  mean  time  from  the  known  sidereal  time,  or  apparent 
solar  time.  We  shall,  therefore,  suppose  that  both  the  sidereal 
time  and  the  mean  time  of  the  phases  of  an  eclipse  are  known, 
and  also  the  latitude  of  the  place  of  observation. 

(328.)  The  general  elements  of  the  eclipse  in  question.  A,  D, 
t,  /,  X,  y,  and  Zy  must  be  computed  from  hour  to  hour  for  the 
mean  time  of  the  meridian  of  the  ephemeris,  and  these  hours 
must  be  so  selected  as  to  comprehend  the  entire  duration  of  the 
eclipse.  The  formulas  for  these  quantities  have  been  given  on 
page  277. 

The  values  of  A,  D,  and  i  change  but  slowly,  and  we  may  as- 
sume them  to  be  pretty  accurately  known  for  the  time  of  ob- 
servation ;  for  t  is  extremely  small,  while  A  and  D  depend  chiefly 
upon  the  place  of  the  sun,  which  the  tables  furnish  with  tolera- 
ble precision.  Indeed,  this  assumption  is  a  necessary  one,  for 
it  is  impossible  from  the  observations  of  an  eclipse  to  detect  any 
error  which  may  exist  in  these  values.  The  errors,  however, 
existing  in  the  assumed  values  of  x,  y,  and  /  may  be  determined 
with  great  accuracy ;  and  we  shall  therefore  substitute  for  these 
quantities  the  expressions  x+Ax,  y+Ay,  /+A/,  where  Ax,  Ay, 
and  A/  represent  the  errors  of  x,  y,  and  /,  of  which  we  are  in 
search.  Equation  (5),  page  267,  accordingly  becomes 
(x+Ax-|)H(y+Ay-i7)»=(/+AZ-t<)^ 
(329.)  Let  now  the  values  of  a,  d,  tt,  a"",  d^,  and  tK,  be  taken 
from  the  ephemeris  for  the  time  T  of  the  first  meridian.  Let 
T + T''  represent  the  required  time  of  the  first  meridian  at  which 
a  phase  of  an  eclipse  was  observed.  Let  Xq  and  Po  denote  the 
values  of  x  and  y  for  the  time  T,  and  xf  and  ^  the  hourly  varia- 
tions of  X  and  y  ;  then  we  shall  have 

x=Xo+ar'T^  and  y^yo+tt"^'- 
We  may,  in  the  same  manner,  consider  |,  97,  and  <  as  also  com- 
posed of  two  parts.     Since,  however,  these  magnitudes  change 
but  slowly,  and  we  generally  have  an  approximate  knowledge 
%l  the  difference  of  longitude,  and  consequently  the  time  of  the 
first  meridian  corresponding  to  the  time  of  observation^  we  may 
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assume  these  quantities  as  known  for  Hiis  time.    The  preoeding 
equation  therefore  beoomes 

(330.)  If  the  variations  of  x  and  p  were  propcnrtioiial  to  tiw 
time,  a/  and  y^  would  be  constant,  and  the  knowledge  of  tiw 
time  T+T''  would  not  be  necessary  for  computing  them.  Tkii, 
however,  is  not  the  case ;  but  since  the  variations  of  x"  and  f' 
are  small  in  comparison  with  those  of  x  and  y,  the  above  equ- 
tion  may  be  solved  by  successive  approximations,  which  nfidij 
converge  to  the  truth. 

Let  us  assume 

m  sin.  M=a;o— 19  n  sin.  'S;=xf^ 

wcos.M=yo— «7>  noos.  N=y', 

the  preoeding  equation  will  become 

(L+A/)^=(«ii  sin.  M+niy  sin.  N+Ax)* 
+  {m  COS.  U+nT  cos.  N+Ay)'. 

Substitute  for  L  its  value lA — Z — I  and  expand  the  seo- 

sm.  -^  • 

end  member  of  this  equation,  remembering  that  m'  sin.'  M+ii' 
cos.^  M=m^,  we  obtain 

(^  "^(""•^^+AfY=m»+2mnT-  cos.  (M-N)+ii«T^ 

+2^x(m  sin.  M+»T''  sin.  N)+(AxJ', 
+2Ay(m  COS.  M+nT^  ooe.  N)+(A»K 
=  {fiT+m  COS.  (M-N)  +  ili:  sin.  N+Ay  ooe.  N}«, 
+  {m  sin.  (M— N)  + Ax  cos.  N— Ay  sin.  N|'. 
Let  us  put        nA= Aa;  sin.  N+Ay  cos.  N, 

nX'=:  —  ^x  COS.  N+Ay  sin.  N, 
and  we  shall  have 

Im  8in.  (M-N)^^  J»^  ^^^,        ^  (M-N)-Ha}' 
(        sin.  \l>  ) 

+  {i»8in.  (M-N)-nA'P, 

or     InT+m  cos.  (M-N)+nX}*=  j^r^sin.  (M-N)+A/ 

-  {f»  sin.  (M-N)-ia'}» 
"*'     sin.*  (M-N)+^^  sin.  (M-N)a/ 


sin.'  V         ''  '  '  8i"'  V* 

-}»»  8in.»  (M-N)+2m«A'  sin.  (M-N) 
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=L2  COS.*  ^+2h^l+2hny  sin.  rpj 
where  we  have  neglected  the  small  terms  /^P  and  n^X^\ 

Extracting  the  square  root,  and  neglecting  the  higher  powers 
of  A/  and  nX%  we  have 

»T''+wco8.  (M— N)+»A=  =F  {Lcos.V;+A/ sec.^+»A^tang.i/>}, 
or 

m/  ^  /ir      XT\       L  COS.  -0       ^        ^/j.  i       ^^ 

T^= COS.  (M— N)=F ^— AipA'tang.  -^qp — sec.  ^pJ 

n  n  n 

^,        m  sin.(M— Ndb^)  a/ 

or     T^= . ^. — : — ^— AipA'tanff.  tZ>qF—  sec.  tZ>. 

n  sm.  il)  n 

(331.)  Since  now  the  time  of  immersion  is  always  earlier  than 
that  of  emersion,  T^,  for  an  immersion,  must  have  a  less  positive 
value,  or  a  greater  negative  value,  than  for  emersion.  Hence, 
if  we  always  take  the  angle  ^0  either  in  the  first  or  fourth  quad- 
rant, the  upper  sign  belongs  to  an  immersion,  the  lower  to  an 
emersion.  If,  however,  for  an  immersion  we  take  ^  in  the  first 
or  fourth  quadrant,  but  for  an  emersion  in  the  second  or  third 
quadrant,  we  shall  have  in  either  case, 

^^_m«MM-N+^)_^_^,  tang.  ^-^  sec.  ^, 
n  sm.  ^  n 

or 

3y=-?!?  008.  (M~N)-^  ^'  ^-A-^A^tang.  V^-- sec.  i> .  11) 
n  n  fi 

In  the  case  of  annular  eclipses,  at  the  internal  contact  the 
emersion  precedes  ^e  immersion.  We  must,  therefore,  in  this 
case,  for  the  immersion,  take  rp  in  the  second  or  third  quadrant, 
and  for  the  emersion  in  the  first  or  fourth. 

(332.)  Equation  (1)  may  be  solved  by  successive  approxima- 
tions. We  must,  for  this  purpose,  compute  the  values  of  x,  y*z^ 
A,  D,  g*,  /,  and  i ,  for  several  successive  hours,  so  that  the  values 
of  Xq  and  y^j  as  weU  as  their  hourly  variations,  can  be  found 
for  any  time  by  interpolation.  We  then  assume  a  time,  T,  as 
aocurate  as  the  provisional  knowledge  of  the  difference  of  longi- 
tude will  permit,  and  interpolate  for  this  time  the  quantities  Xc, 
Pqj  xfj  and  ^,  and  thence  find,  by  formula  (1),  an  approximate 
value  of  T'.  With  the  value  T+T'',  we  repeat,  if  necessary, 
the  preceding  computation.  Represent  by  T  the  value  assumed 
in  the  last  approximation,  and  the  correction  obtained  by  T^ ; 
then  T+T^=^—<i)9  where  t  is  the  time  of  observation,  and  cu  the 
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east  longitude  of  the  station  from  the  first  meridian,  by  vfaidi 
we  understand  that  meridian  whose  time  is  employed  in  Ae 
computation  of  x,  y,  z,  etc. 
We  therefore  have 

nt  "Li  aI 

6)=^— Th —  cos.  (M— N)H —  COS.  V»+>t+>t'tang. -^H —  sec^ 

.     „,  ,  w  sin.  (M— N+V')  ,  .  ,  ,/j_        I  ,  A'  ,       isix 

r=^—TH ^ ^+A,+A^tang.^H —  secrb  .  .  (2) 

n  sm.  y  It 

(333.)  Since  the  mean  solar  hour  has  been  employed  as  the 
unit  in  the  values  of  a/  and  p^,  the  preceding  formula  supposes 
the  same  unit  of  time  for  o).  If  we  wish  to  obtain  the  differ- 
once  of  longitude  in  seconds  of  time,  we  must  multiply  the  form- 
ula by  5,  the  number  of  seconds  belonging  to  an  hour  of  that 
species  of  time  in  which  the  observation  is  expressed ;  /— T  will 
then  be  expressed  in  seconds  of  the  same  kind  of  time  in  which 
t  is  given ;  or  T  represents  the  same  kind  of  time  with  /. 

Equation  (2)  does  not  properly  fuqiish  the  difference  of  longi- 
tude of  the  place  of  observation  from  the  first  meridiaOf  hat 
rather  the  relation  between  this  quantity  and  the  errors  of  the 
elements  employed.  If  the  same  eclipse  has  been  observed  at 
different  places,  we  may  obtain  for  each  place  as  many  such 
equations  as  there  are  instants  of  observation.  By  corobiiiing 
these  equations,  we  may  eliminate,  as  will  be  seen  hereafter,  the 
error  of  one  or  more  of  the  elements  of  computation,  and  thm 
render  the  result,  as  far  as  possible,  independent  of  the  error  of 
the  tables. 

(334.)  We  must  now  develop  the  quantities  A  and  X',  which 
are  determined  by  the  equations 

nX  =sin.  Nax+cos.  NAy, 
nA^=sin.  N Ay— COS.  Nax. 

The  quantities  x  and  y,  as  will  be  seen  from  the  equations  on 
page  271 ,  depend  upon  a — A,  d— D,  and  tt.  If  we  assume  theie 
magnitudes  to  require  correction,  we  shall  have 

^x=a  A(a— A)+6  A(d-D)+c  Att, 
Ay = a'A(a- A)  +  A'A(d-  D)  +  c^Att, 
where  a,  6,  c  are  the  differential  coefficients  of  x  in  respect  to 
a— A,  d— D,  and  tt;  while  a%  b%  and  (/  are  the  same  differen- 
tial coefficients  of  y.     Since  A(a— A),  A(d— D),  and  At  are  very 
small  quantities,  in  the  expressions  for  the  differential  coeffi* 
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cients  we  may  neglect  the  terms  which  contain  sin.  (a— A)  and 
sin.  (d— D)  as  factors,  and  assume  cos.  (a— A)  and  cos.  (<)— D) 
as  equal  to  unity.  We  thus  obtain,  by  differentiating  the  val- 
ues of  X  and  p  on  page  271, 

COS.  6         y       .V     COS.  d 

a=- COS.  (a— A)=-: , 

sm.  TT  sm.7r 


,  __  __8in.  6  sin.  (a— A)_^ 


sm.  TT 


__     COS.  6  sin.  (a— A)  cos.  7r_         x 
""  sin.*7r  ""     tang,  n 

,    COS.  6  sin.  D  sin.  (a— A)    ^ 

sm.  TT 

^_oos.  (<J— D)__    1 
^ — — m in — > 


c'=- 


Sm.  TT  sm.  TT 

y 


tang.  TT 

(335.)  Since  now  X  and  A^  as  also  A(a— A),  A(d— D),  and  Att 
are  expressed  in  parts  of  radius,  if  we  wish  to  obtain  the  errors 
of  the  elements  in  seconds,  these  differential  coefficients  must  be 
divided  by  206265.    Let  us,  then,  put 

206265 .  n  sin.  7r' 
and  we  shall  have 

X  =A  sin.  N  COS.  (JA(a— A)+A  cos.  Na((J— D) 
—A  COS.  7rA7r[a:  sin.  N+y  cos.  N], 

A'=  -A  COS.  N  COS.  (JA(a-A)+A  sin.  Na(<J-D) 
+A  COS.  7rA7r[a;  cos.  N— y  sin.  N]. 

If  we  multiply  the  former  equation  by  cos.  ^09  and  the  latter 
by  sin.  ^,  then  add  the  two  equations  together,  and  divide  by  A, 
we  shall  obtain 

[A+A^tang.  V^]  — ^-^=sin.  (N— -0)  cos.  (JA(a— A) 

+COS.  (N-t/')M<J-D) 
—COS.  7rA7r[a;  sin.  (N— V')+y  cos.  (N— ^)]. 

Hence  we  obtain  from  equation  (2),  page  326, 
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^    r^  ,m     ein.  (M— N+V^)  ,  .  sin,  (N— yr)         .^ .      .. 

G)=^— H — .5 ^-^ — ; — ■^+h ^^ — -^  COS.  dAia-A) 

n  sin.  ^  008.  yr  ^ 

+h  '^  <^-^>A(<i-D) 

COS.  -0  ' 

A .  206265  sin.  ttA/ 

COS.  jj> 

-A  COS.  ^;,J"^«in.(N~V.)+yoos.(N-^n 
L  cos.  Vi  J 

(336.)  Every  observation  of  the  instant  of  an  eclipse  fomiBiies 
one  equation  of  the  preceding  form,  and  as  this  ccmtains  five  un- 
known quantities,  five  such  equations  are  sufficient  for  their  de- 
termination. The  magnitudes  A/  and  Att  can  not  generally  be 
determined,  unless  observations  are  made  at  places  widely  sep- 
arated firom  each  other.  Nevertheless,  the  computation  of  the 
coefficients  will  always  show  what  influence  any  error  in  the 
values  of  TT  and  /  may  have  upon  the  result  We  therefore  gen- 
erally seek  to  free  the  diflerence  of  longitude  only  from  the  er- 
rors  of  a  and  d ;  but  the  value  of  Aa  can  not  be  determined  un- 
less we  know  the  longitude  of  one  of  the  staticms  firom  the  fint 
meridian. 

(337.)  The  following  is  a  synopsis  of  the  peceding  resuHs: 
Compute  the  values  of  e,  A,  D,  and  g*,  also  the  oo-ordioates 
rr,  y,  and  z,  from  the  formulas,  page  277,  with  the  quantities 
i  and  /,  all  of  which  quantities  are  general  for  all  plaoes  oa  die 
earth. 

Compute  also  the  following  formuke : 
|=p  COS.  <l/  sin.  (fi— A), 

fl=p  sin.  0^  COS.  D— p  COS.  0^  sin.  D  cos.  (/x— A), 

(=p  sin.  <p^  sin.  D+p  cos.  <l/  cos.  D  cos.  (^— A), 

where  all  the  symbols  have  the  same  signification  as  on  page 

278,  except  fi,  which  here  represents  the  observed  sidereal  time 

of  contact. 

Let  T  represent  the  approximate  time  of  the  first  meiJdifii» 
corresponding  to  the  phase  observed. 

Let  Xo  represent  the  value  of  x  for  the  time  T ; 
^o  represent  the  value  of  y  for  the  time  T ; 
xf  represent  the  hourly  variation  of  x  ; 
y^  represent  the  hourly  variation  of  y. 
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main.  M=a;o— f, 
mooB.'ii  =  f/o^riy 
nsin.  N=x', 
nooB.  N=y', 

sin.  rl)=j-  ®"^-  (M— N). 

For  the  first  contacti  ^  must  be  taken  in  the  first  or  fourth 
quadrant ;  for  the  last  contact,  in  the  second  or  third  quadrant. 
^.        m  sin.  (M— N+V^)        m         .,,    t^^v     L  cos.  rb 

T^=: i-: '-11= COS.  (M  —  N) -. 

n  sm.  ip  n  n^ 

Then 

a>=f-T-T^+A  ^"^'  (N-V^)  COS.  cJA(a-A) 

COS.  ^  .        \  / 

COS.  ^ 

^^^"^  *"206265.nsin.Tr' 

5= 3600= the  number  of  seconds  in  an  hour ; 
^= observed  mean  time  of  contact. 

(338.)  Example,  On  the  28th  of  July,  1851,  occurred  an 
eclipse  of  the  sun,  which  was  observed  as  follows : 

,  At  Konigabergf  Prussia, 

Beginning 3L  38m.  10.8s.  Konigsberg  m.  t. 

Beginning  of  total  darkness  .  4h.  38m.  57.6s.  ^^ 

End  of  total  darkness   .  .  .  .  4h.  41m.  54.2s.  << 

End 5h.  38m.  32.9s.  « 

At  Waskingtori,  District  of  Cciumhia. 

Beginning 7h.  21m.  31.2s.  A.M.  Washington  m.  t. 

End 8h.  50m.  38.0s.  " 

It  is  required  to  determine  the  error  of  the  tables  and  the 
longitude  of  Washington. 

The  general  co-ordinates  for  this  ecUpse  have  already  been 
given  on  pages  280  to  285.  Our  first  object  is  to  deduce  the 
error  of  the  tables  fiK>m  the  observations  at  Konigsberg. 
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Hence  we  obtain  the  following  equations  for  Konigsberg: 
«=lh.22nL4850s.+1.6809Aa-  .4118Aif, 
«=lh.  22m.  46.97s. +1.7805  Aa+  .2681  Ai9, 
a)=lh.  22m.  44.24s. + 1.5677  Aa- 1.1749  Aif, 
«=:lh.  22m.  38.64s. + 1.6765  Aa-  .4341  Ai9. 
K  we  assume  the  longitude  of  Konigsberg  equal  to  IL  22id. 
0.5s.,  we  shall  have 

0=47.70s.+1.6809Aa-  .4118a<J, 
0=46.47s.+ 1.7805  Aa+  .2681  A<J, 
0=43.74s. + 1.5677  Aa- 1.1749  Ad, 
0=38.14s.+1.6765Aa-  .4341  Ad. 
These  equations  should  be  solved  by  the  method  of  kut 
squares,  explained  in  Art.  239.     Multiplying  each  eqaation  bj 
the  coefficient  of  Aa  in  that  equation,  and  taking  the  sum  of  a! 
these  products,  we  obtain 

0=295.4297+11.2638  Aa-2.7844  Ad. 
Multiplying  each  equation  by  the  coefficient  of  Ad  in  thtt 
equation,  and  taking  the  sum  of  all  these  products,  we  obtain 
0=  -75.1291-2.7844  Aa+1.8102  Ad. 
Solving  these  equations  in  the  usual  manner,  we  find 

Ad=  +1^^.87= error  in  declination, 
COS.  dAa=- 25^77, 
or  the  error  in  right  ascension  =  —27^^26. 

Aa  in  the  above  equations  is  used,  for  the  sake  of  brevity,  in 
place  of  COS.  dAa.  The  error  in  right  ascension  is  multiplied  by 
cos.  d,  to  reduce  it  to  an  arc  of  a  great  circle. 

Computation  for  Washington. 


t 

Assume  T 
D 

p  COS.  ip' 
SOD.  ifl—A) 

log- 1 


Beginniof. 


7h.  21m.  31.2s.  m.  t 
3h.  43tn.  49.358.  s.  t. 
55°  57'  20".2 
^'=38°  42'  24".7 

0.5h. 


-71°  10'  8".2 
19°  4'59".7 
9.8917227 
9.9761089» 
9.8678316n 
.737618 


Bod. 


8h.  50m.  38.0s.  m-i 
5h.  13m.  10.798. «.  t 
78°  17'  41".8 
log.  p= 9.9994303 

2.0h. 

-48°  53'  20".0 
19°    4'    9".0  ' 
9.8917227 
9.877046311 
9.7687690m 
-.587177 


E5I 

p  sin.  <p' 

9.7955437 

9.7955437 

COS.  D 

9.9754523 

9.9754892 

log-  (1) 

9.7709960 

9.7710329 

poos.  0' 

9.8917227 

9.8917227 

sin.  D 

9.5144703 

9.5141615 

oo«.  Oi-A) 

9.5089050 

9.8179099 

log-  (2) 

8.91.50930 

9.2237941 

!') 

+  .590196 

+.590246 

2) 

+.082243 

+  .167415 

(l)-(3)=7 

+  .607953 

+  .422831 

pain.0' 

9.7955437 

9.7955437 

sin-D 

9.5144703 

9.5141615 

l»g-  (3) 

9.3100140 

9.3097052 

poos.0' 

9.8917227 

9.8917227 

00..  D 

9.9754523 

9.9754892 

008.  0— A) 

9.5089050 

9.8179099 

log  (4) 

9.37GOS0O 

9.6851218 

(3) 

+.204180 

+.204035 

(4) 

+.237728 

+  .484308 

(3)+(4)  =  f 

+.441908 

+  .688343 

log-! 

9.6453318 

9.8378049 

log..- 

7.6632448 

7.6632477 

log.  a 

7.3085766 

7.5010526 

I 

.534242 

.534181 

ii 

.002035 

.003170 

l-i(=h 

.532207 

.531011 

*o 

-1.054056 

-0.199758 

1 

-0737618 

-0.587177 

lo-S 

-0.316438 

+  0.387419 

S'o 

+0.927049 

+  0802116 

7 

+  O.507953 

+  0.422831 

So-I 

+  0.419096 

+0.379285 

log-  (^o-S) 

9.5002887n 

9.5881809 

log-  (Jo-l) 

9.6223136 

9.5789657 

tang.  M 

9.S779752n 

0.0092152 

M 

3220  66'  43".6 

45°  36-  28  ".2 

sin,  M 

9.7800115» 

9.8540438 

m 

9.7202772 

9.7341371 
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lfc«11.0<n,. 

E<A                    -« 

7! 

+  .569487 

+  .569544                 1 

y 

-.083015 

-.083565                 7 

log- 1" 

9.7554838 

9.7555272 

logir- 

8.9191566. 

8.9219724. 

tang.  N 

0.8363272» 

0.8336546. 

N 

880  17'  37".2 

98°  20-  45".8 

<iii.N 

9.9954341 

9.9953761 

n 

9.7600497 

9.7601511 

M-N 

224°  39'  6".3 

307°  16'  42'.4 

.m.(M-N) 

9.8168292a 

9.90084631 

9.7202772 

9.7111371 

comp.  L 

0.2739194 

0.274896S 

sio.\& 

9.8410258« 

9.9098799a 

V- 

316°    5'41'-.3 

234°  21'    4"7 

M-N  +  V 

180°  44'  47  ".6 

181°  36-  47".l 

sin.  (M-N+*) 

8.1149272» 

8.4494768< 

m 

9.7202772 

9.7341371 

oomp.  n 

0.2399503 

0.2398489  ' 

wweo.  V 

0.1589742.1 

O.09O1201. 

«  =  3600 

3.6563025 

3.556302!    J 

log.  T' 

1.7904314 

2.0698854    X 

T' 

-61.72b. 

-117.46s.                  1 

<-T-T' 

-5h.  7ra.  27.03s. 

-5h.  7m.  24.543, 

N-V 

142°  11'  55".9 

223°  59-  41".l 

s=3600 

3.5563025 

3.656302.5 

comp.  206265 

4.6855749 

4.6855719 

comp.  n 

0.2399503 

0.2398489 

cosee.  jr 

1.7547617 

1.7546655 

A 

0.2365894 

0.2362918 

sin.  (N-V.) 

9.7874058 

9.8417300. 

see.* 

0.1423731 

O.2344702« 

0.1663683 

0.3124930 

ooofficient  of  cos.  iJAa 

+  1.4668 

+  2.0535 

* 

0.2365894 

0.2362918 

COS.  (N-V) 

9.89770.56» 

9.8569725. 

aec.  V 

0.1423731 

O.2344702. 

0.2766681O 

0.3277315 

coeffioient  of  Aif 

-1.8909 

+  2.1268 

Hence  we  obtaiii  the  following  equationa  fiir  Waifaiog- 
ton: 

»=-5h.  7in.  27.08a.+1.4668ao-1.8909AJ, 
M=-5h.  7m.  2454».+2.0535Aa+2.1268iA 
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Employing  the  values  of  oos.  d^a  and  Ad,  found  on  page  334, 
we  obtain 
0)  =  -  6h.  7m.  27.08s.  -  37.79s.  -  3.54s.  =  -  6h.  8m.    8.41s. 
«=-5h.  7m.  24.64s. -52.91s. +3.98s.=  -5L  8m.  13.47s. 

The  mean  of  the  two  results  is 

6)=— 5h.  8m.  10.94s.| 
which  is  the  longitude  of  Washington  £rom  G-reenwich,  accord- 
ing to  the  observations  of  the  solar  eclipse  of  July  28, 1851. 


Section  VII. 
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bessel's  nethod  of  conputino  the  longitude  of  a  place  and 

THE    error   of   the   TABLES   FRON    AN   OBSERVED   OCCULTATION. 

(339.)  The  formulas  of  the  preceding  section  are  applicable  to 
an  ocoultation  of  a  fixed  star,  with  the  modifications  indicated 
in  Art.  295.  The  computation  of  «,  A,  D,  g*,  i ,  and  /  is  dis- 
pensed with,  as  also  z  and  <.  We  must  compute  the  values  of 
z  and  y  from  the  formulsB 

_cos.  6  sin.  (a— A) 

sm.  n 
_sin.  (<^-D)  oos.^  ^(a-A)+sin.  (6+D)  sin}  K^-A) 

sm.  tr 

Also  the  values  of  ^  and  97  from  the  formute 
J=p  COS.  <l/  sin.  (fi— A), 

fl=p  sin.  ^^  COS.  D— p  COS.  ^'sin.  D  cos.  (f«— A), 
where  fi  represents  the  observed  sidereal  time  of  immersion  or 
emersion. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Zq  represent  the  value  of  z  for  the  time  T ; 
yo  represent  the  value  of  p  for  the  time  T ; 
a/  represent  the  hourly  variation  of  z  ; 
y^  represent  the  hourly  variation  of  y. 

m  sin.  M=a;o— ff 

w  COS.  M=yo— i?i 
nsin.  N=a:^, 

n  COS.  N=y', 

Y 
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sin.  ^==  an.  (M-N), 

kg.  I;=9.4353665. 
For  imxneiaoQ,  ^  mast  be  taken  in  the  firet  or  fooiili  q^ 
lant ;  £ar  emeisioa,  in  iiiB  seoond  or  tliiid  qoadrant 

nain.^  •         ^  '         11 

Then 

u=t-T-T+h  '^C^-*)  008.  *A.+A???iiN=V^ 

008.  ^  008.  ^ 


where 


4= 


206265.11  sin.  ir' 
s=3600=:the  number  of  seconds  in  an  hour; 
^=:the  observed  mean  time  of  immeisicm  or  emersioo. 
(340.)  EzampU.  On  the  23d  of  January,  1850|  the  ooontti- 
tion  of  a  Tauri  was  observed  as  follows : 

At  Gr€€mmuk,  BngkaU. 

Immersion 13h.  32m.  38.66s.  Greenwidi  m.  t 

Emersion 14h.    Iol  24.52s.  ^« 

At  Conhfiigtj  MoMMtuhutttt. 

Immersion Th.  14m.  39.05s.  Cambridge  m.  t 

Emersion 8h.  29m.  50.25s.  '' 

It  is  required  to  determine  the  longitude  of  CambndgB  from 
Greenwich. 

We  will  first  determine  the  error  of  the  tables  aocoiding  to  d» 
Greenwich  observations.  The  co-ordinates  x  and  y  have  almdj 
been  given  on  page  294. 

Computation  for  Greenwich, 
^^=5loi7'24'^6. 


A 
fi-A 
In  arc 

Vo 


Imnwntoii. 


13  32  38.66  m.  t. 
9  44  43.78  &t. 

4  27  19.54 

5  17  24J34 
79°  21'  3".6 

.503232 
.467948 
.593999 
.107785 


h,       m.    a. 

14  1  ^.d2m.t 
10  13  34.37  8.  t 

4  27  19.54 

5  46  14.83 
86°  33'  42".46 
.787997 
.519616 
.593978 
.107762 


Longitude. 
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P 

COS.  (t>^ 

sin.  (/*— A) 

I 

P 
sin.  <t>^ 

COS.  D 
log.  (1) 

p  COS.  ^^ 

sin.  D 

008.  (fi  — A) 

log.  (2) 

(1) 

(2) 

(l)-(2)=^ 

log.  (Xo-I) 
log.  (yo-^) 

tang.  M 

M 
sin.  M 

m 
log.  x' 

log.y" 

tang.  N 

N 
sin.  N 

n 

M-N 

sin.  (M-N) 

m 

oorap.  A: 

sin.  xjf 

1.  (M-N+V) 

m 

comp.  n 

ooeeo.  V 

5=3600 

log.  T' 

T' 


ImmerakNi. 


9.9991134 
9.7961416 
9.9924552 
9.7877102 

.613353 

9.9991134 
9.8922744 
9.9824020 
9.8737898 
9.7952550 
9.4456150 
9.2666830 
8.5075530 

.747807 

.032178 

.715629 

.110121 

.247681 

9.0418701n 
9.3938927n 
9.6479774 

203°  58'  13"J2 
9.6088078n 
9.4330623 
9.7737857 
9.0325583 
0.7412274 

79°  42'  54".8 
9.9929653 
9.7808204 

124<'  16'  18".4 
9.9172630 
9.4330623 
0.5646335 
9.9149588 
55°  18'  7".2 

1790  33'  25".6 
7.8881678 
9.4330623 
0.2191796 
0.0850412 
3.5563025 
1.1817534 

15.203. 


Bmenion. 


9.9991134 
9.7961416 
9.9992176 
9.7944726 
.622978 


9.7952550 
9.4456150 
8.7779489 
8.0188189 

.747807 

.010443 

.737364 
+  .165019 
-.217748 

9J2175340 

9.33795427! 

9.8795798» 

142°  50'  36".8 
9.7810323 
9.4365017 
9.7737703 
9.0324656 
0.7413047 
79°  43'  1".2 
9.9929678 
9.7808025 
630  7/  35//.6 

9.9503684 
9.4365017 
0.5646335 
9.9515036 
1160  34/  2>Z'\5 
179042'  9".l 
7.7153218 
9.4365017 
0.2191975 
0.0484964 
3.5563025 
0.9768199 
-9.468. 
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Immenrion. 

^BmBBwVS90^B  • 

N-V 

240  34/  47'/.6 

-36°  51'  32"5 

s=3600 

3.5563025 

3.5563025 

ooitap.  206265 

4.6855749 

4.6855749 

comp.  n 

0.2191796 

0519197S 

ooseo. n 

1.7589910 

1.7588792 

h 

0.2200480 

051995U 

sin.  (N— «i) 

9.6162807 

9.77801061 

sec.  tb 

05446963 

0.34931951 

0.0810250 

0.3473144 

ooefBoient  of  cos.  dAa 

+15051 

+2.2249 

h 

0.2200480 

0J2199541 

COS.  (N— -0) 

9.9593220 

9.9031521 

sec.  \b 

0.2446963 

0.34931951 

0.4240663 

0.47242571 

coefficient  of  Ad 

+2.6550 

-2.9677 

Hence  we  have  the  two  eqnationsi 

0 = 15.20 + 1.2051  Aa + 2.6550Ad, 
0=  9.46+2.2249Aa-2.9677Ad. 

From  which  we  obtain 

COS.  dAa=— 7^^405, 
Ad= -2^^364. 


Computation  for  Cambridge. 


h,       fit.              9, 

A«          flla                       #. 

t 

7  14  39.05  m.  t 

8  29  50.25  la  i 

/* 

3  26  28.81  8.  t. 

4  41  52.36  8.  t 

A 

4  27  19.54 

4  27  19.54 

,.-A 

-1    0  50.73 

14  32.82 

In  arc 

-15°  12'40".95 

30  38'  12".3 

Assatne  T 

12h. 

1355h. 

Xo 

-.413936 

+.328553 

Vo 

+.301478 

+  .436250 

3/ 

+.593945 

+.593997 

y 

+.107833 

+  .107795 

p  COS.  ^' 

9.8691208 

9.8691206 

sin.  (/i— A) 

9.4189320n 

8.8022991 

log.l 

9.2880528» 

8.6714199 

i 

-.194112 

+  .046927 

LOKOITDDE. 
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Inunerakm. 


Emersion. 


p  Sin.  0^ 

C50S.  D 

log.  (1) 

p  COS.  <t>^ 

sin.  D 

COS.  (/i—A) 

log.  (2) 

(1) 

(2) 

(l)-(2)=^ 

log.  {Xo-i) 

log.  (Po-ri) 
tang.  M 

M 
sin.  M 

m 
log.  ar' 

log.y" 

tan^.  N 
'      N 
sio.  N 

n 

M-N 

sin.  (M-N) 

m 

oomp.  ft 

sin.  ^ 

M-N+V> 

an.  (M-N+V) 

m 

comp. » 

ooseo.  rj) 

5=3600 

log,  ly 

«=<-T— T' 

N-V 

5=3600 

oomp.  206365 

oomp.  n 

cosec.  n 


9.8264412 
9.9824020 
9.8088432 
9.8691208 
9.4456150 
9.9845113 
9.2992471 

+.643937 

+.199181 

+.444756 

-.219824 

-.143278 

9.3420751« 
9.1561795» 
0.1858956 
236°  54'  15".5 
9.9231195» 
9.4189556 
9.7737463 
9.0327517 
0.740#946 
79°  42'  35".3 
9.9929578 
9.7807885 
157°  11'  40 '.2 
9.5883883 
9.4189556 
0.5646335 
9.5719774 
21°  54'  54".0 
179°    6'34".2 
8.1914938 
9.4189556 
0.2192115 
0.4280226 
3.5563025 
1.8139860 

—65.16s. 

-4h.  44m.  15.798. 

67°  47'  41".3 
3.5563025 
4.6855749 
0.2192115 
1.7593527 


9.8691208 
9.4456150 
9.9991246 
9.3138604 

+.643937 

+.205997 

+  .437940 

+.281626 

-.001690 

9.4496727 
7.2278867» 
2.2217860n 
90°  20'  37".8 
9.9999922 
9.4496805 
9.7737842 
9.0325986 
0.7411856 
79°  42'  51".3 
d.9929640 
9.7808202 
10°  37'  46".5 
9.2658995 
9.4496805 
0.5646335 
9.2802135 
169°  0'3d''.6 
179°  38'  22".l 
7.7988132 
9.4496805 
0.2191798 
0.7197865 
3.5563025 
1.7437625 

-55.43s. 

-4h.  44m.  14.32s. 

-89°  17'  44".3 

3.5563025 
4.6855749 
0.2191798 
1.7590595 
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Immersion. 

KmUKJOC 

h 

0J2204416 

0.2201167 

sin.  (N—ib) 

9.9274447 

9.999967ai 

sec.  -0 

0.0325744 

0.0060389k 

0.1804607 

0.2281228 

coefficient  of  cos.  dAa 

+1.6152 

+  1.6909 

h 

0.2204416 

OJ2201167 

COS.  (N— V) 

9.7266889 

8.0896618 

sec.  V 

0.0325744 

0.0080389k 

9.9797049 

8.31781741 

coefficient  of  Ad 

+  .9543 

-.0208 

Hence  we  obtain  the  following  equations  for  Cambridge: 

G)  =  -  4h.  44m.  15.79s.  +  1.5152Aa + .9543acJ, 
w=  -4h.  44m.  14.32s.  +  1.6909Aa-  .0208A<y. 

Employing  the  values  of  Aa  and  Ad,  found  on  page  340,  ve 
obtain 

6)=  -4h.  44m.  15.79s. -11.22s.- 2.26s.  =  -4h.  44ra.  29J27s. 
(j=-4h.  44m.  14.32s.- 12.52s.  +  0.05s.  =  -4h.  44m.  26.799. 

The  mean  of  the  two  results  is 

&)=-4h.  44m.  28.03s., 

which  is  the  longitude  of  Cambridge  from  G-reenwich,  accord- 
ing to  the  observations  of  the  occultation  of  a  Tauri,  Jaonin' 
23,  1850. 

(341.)  Ex.  2.  On  tho  15th  of  April,  1850,  tho  occukation  of 
a  Tauri  was  observed  as  follows : 

At  Konigtbergt  PruMtia. 

Lnmersion lOh.  57m.  43.7s.  Konigsberg  s.  t 

Emersion llh.  47m.  47.6s.  " 

At  Cambridge,  Mastachusetts. 

Immersion 2h.  Im.  52.45s.  Cambridge  m.  t 

Emersion .  3h.  Im.  38.35s.  " 

It  is  required  to  determine  tho  longitude  of  Cambridge. 
According  to  the  Nautical  Almanac,  the  following  are  As 
plaoes  of  the  moon  necessary  for  this  computation : 


LoHOtTUDE. 
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GneDwieb  m.  t. 

a. 

i. 

W. 

*. 

m,       m.      9m 

e    '     ** 

/      ff 

6 

4  23  45.41 

+16  40  0.1 

68  55.22 

7 

4  26  10.13 

16  46  30.5 

58  55.87 

8 

4  28  35.06 

16  52  54.7 

58  56.50 

9 

4  31  0.20 

16  59  12.7 

58  67.12 

10 

4  33  25.53 

17  5  24.4 

58  57.72 

11 

4  35  51.06 

17  11  29.7 

58  58.32 

According  to  Mr.  Adams'  tables,  each  of  the  preceding  paral- 
laxes should  be  increased  by  5^^.1. 

The  position  of  a  Tauri  was 

A=4h.  27m.  18.26s. ;  D  =  + 16°  12^  V\7. 
The  sidereal  time  at  Greenwich  mean  noon,  April  15|  was 

Ih.  33m.  8.96s. 


I 


Recapitulation.  345 

The  following  recapitulation  of  the  fonnulas  most  frequently 
used  in  an  observatory  is  added  for  oonvenienoe  of  reference. 

To  compute  the  corrections  to  be  applied  to  the  observed 
transit  of  a  star^  in  order  to  obtain  the  correct  apparent  right 
ascension.     See  page  73. 

RA      m  I  ^*  I       sin.  z  .  J    COS.  z  ,      c 
.A.  =  T+dt+a. z+b. -H -. 

COS.  0  COS.  O      COS.  o 

By  a  close  circumpolar  star  (see  page  69), 

a  =  i£i  sec.  <t>  cot.  d. 

By  two  stars  differing  considerably  in  declination  (see  page 
70), 

A^  COS.  d  COS.  d' 

a= : r. 

COS.  (p  Sin.  {^'—^) 

R.  A.=the  apparent  right  ascension  required ; 

T=the  observed  time  of  transit,  as  shown  by  the  clock ; 
dt=iiie  correction  for  the  error  of  the  clock,  plus  when  t&e 

clock  is  too  slow ; 
2r=the  zenith  distance  of  the  star ;  \ 

d=the  declination  of  star  observed ; 
d^=the  declination  of  the  second  star; 
a=the  deviation  of  the  telescope  in  azimuth,  plus  when 

the  eastern  pivot  deviates  to  the  north  of  east. 
6= the  inclination  of  the  axis  of  the  telescope  (see  page  63), 

plus  when  the  west  end  of  the  axis  is  too  high ; 
c=the  error  in  coUimation  (see  page  65),  plus  when  the 

mean  of  the  wires  falls  on  the  east  side  of  the  optical 

axis; 
A=the  interval  between  two  successive  transits,  minus  12 

hours; 
A^=the  difference  of  the  observed  times,  minus  the  difference 

of  right  ascensions ; 
^=the  latitude  of  the  place ; 
j;=0— d,  if  the  observations  be  made  to  the  south; 
jr=d— 0,  if  to  the  north,  above  the  pole: 
z=180°  — (0+d),  if  to  the  north,  below  the  pole. 


To**     Ac  altitude,  asimutk,  and  parallactic  angle  of  a 
star,  i  linalion  and  hour  angle  being  given,  as  well  0$ 

the  latitu      of  the  place.     See  pages  108  and  110. 

tang.  y=coa.  P  cot,  6; 

COS.  -^st"-^g'"-(g't-^) . 
COS.  y         ' 
_oos.  =  COS.  y  ^ 
sin.  d 

03(y+»). 
n.  y  ' 

n.P 


1.  {y+0) 
oot 


A^tiie  Bzimnth 
z=th8  zeaith  d 


lonted  from  tho  north ; 
star: 


P  =  tho  hour  angle  of  the  star ; 
il=ths  decimation  of  the  star; 
^=the  latitade  of  the  place ; 

^  — tho  paralJuctic  angie. 

When  only  p  is  required, 

tang.  x=oos.  P  oot  ^; 
ctang.P 


iAa%.p  =  - 


oos.  (x+rf) 


To  compute  the  distance  between  two  stars  whose  right  a. 
censions  and  declinations  are  known.    See  page  111. 

oot  B=oo8.  (a— a')  cot.  tf  J 

oos.  (d'— B)  sin.  d 
C08.  x  = i-^ — ^ . 

a=:the  light  ascension  of  one  star ; 
i) = its  declination ; 

a'=:the  right  ascenaion  of  the  seoond  star; 
d'— its  declination; 
x=tho  angular  distance  required. 
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To  compute  the  hour  angle  at  the  pole :  the  latitude  of  the 
place^  the  declination^  and  zenith  distance  of  fhe  sun  or  star 
being  given.    See  page  133. 


/sin.  ] 1 —  [  X  sin. ] 

8in.iP=./  ^ ^ ^i 

V  *  COS.  0  COS.  6 


2       ( 


F=the  hour  angle  at  the  pole; 
^=^the  latitude  of  the  place ; 
d=the  declination  of  tlie  star ; 
2r= the  true  zenith  distance  of  the  star. 


To  compute  the  correction  for  the  reduction  to  the  meridian, 
8ee  page  142. 


(sin.^  iP  COS.  ^  cos.  dV  2  cot.  z 
sin.  z  )    sin.  V ' 


\Ji  sin.^  iP  COS.  0  cos.  d_^sin.^  JP  cos.  <f>  cos.  dy  2  cot.  z 
~        sin.  V  sin.  z 


P=the  hour  angle  at  the  pole,  as  shown  by  a  well-regulated 

elock; 
^=the  latitude  of  the  place ; 
d=the  declination  of  the  star ; 
2r=the  meridional-  zenith  distance  of  the  star ; 
a;=:the  required  correction  in  seconds. 


To  compute  the  latitude  of  a  place  j  from  observations  of  the 
pole  star  at  any  time  of  the  day.     See  page  152. 

^=H-rf  COS.  P+i  sin.  V  {d  sin.  P)^  tang.  H 
-i  8m.«  V  (d  oos.  P)  (rf  sin.  P)^ 

H=the  ohserved  altitude  of  the  star,  corrected  for  refraction ; 
i/=the  apparent  polar  distance  of  the  star,  expressed  in  seconds 

of  arc ; 
P=the  hour  angle  of  the  star  from  the  meridian ; 
^=:the  latitude  required. 
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» 

To  fin4^  the  altitude  and  hour  angle  of  a  star  wkem  it  is 
upon  the  prime  vertical j  together  with  the  latitude  of  the  plate. 
See  pages  113  and  157. 

COS.  P=oot.  0  tang,  d; 

.     sin.  d 

sin.  A=-: : 

sm.  0 

COS.  A=sin.  P  COS.  4; 
tang.  0=^^'    ; 

^^  COS.  P  • 

sin.  6 
sin.  d>=^. — -i 
sm.  A 

COS.  0=cot  P  cot  A. 

P=tho  hour  angle  of  the  star  at  the  pde ; 
A=the  altitude  of  the  star ; 
<5=the  declination  of  the  star; 
0=the  latitude  of  the  place. 


To  find  the  longitude  and  latitude  of  a  star  when  its  rigkt 
ascension  and  declination  are  known,  and  vice  vers&.  See 
pages.  174  and  176. 

Make  tang.  a=sin.  R.  A.  cot.  Deo. 

tang.  L=sin.  (a+u)  tang.  R.  A.  dosec.  a, 
tang.  /=cot.  (a+w)  sin.  L, 
sin.  /=cos.  (a+cj)  sin.  Dec.  sec.  a, 
sin.  L  =  tang.  {a+u)  tang.  /. 

Hake  tang.  a=sin.  L  cot  /. 

tang.  R.  A.=sin.  (a— oi)  tang.  L  ooseo.  a, 
tang.  Dec. = cot  (a— w)  sin.  R.  A. 
sin.  Dec. = cos.  (a—u)  sin.  /  sec.  a, 
sin.  R.  A.=tang.  (a— oi)  tang.  Deo. 

L =the  longitade  of  the  star ; 
/=the  latitude  of  the  star ; 
R.  A. = the  right  ascension  of  the  star ; 
Dec  =:the  declination  of  the  star ; 
4>=the  obliquity  of  the  ecliptic. 
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To  compute  the  longitude j  right  ascension^  and  declination 
of  the  sun ;  any  one  of  these  quantities,  together  with  the 
obliquity  of  the  ecliptic,  being  given.     See  page  178. 

tang.  R.  A. =tang.  Long.  cos.  g)  ; 

sin.  B.  A.=tang.  Dec.  cot.  g>  ; 

tang.  Dec. = sin.  R.  A.  tang.  g>; 

sin.  Dec.  =  sin.  Long.  sin.  g); 

,         X            tang.  R.  A. 
tang.  Long.= — ^ ; 


sin.  Long. 


COS.  (O 

sin.  Dec. 

, • 

sin.  <i) 


COS.  Long. = cos.  R.  A.  cos.  Dec.; 

cos  R  A  -^'  ^""""S-  • 
cos.  Dec. 

Long. = the  sunn's  longitade; 
R.  A.=the  sun's  right  ascension; 
Dec. = the  snn^s  declination; 
(«)=the  obliquity  of  the  ecliptic. 


To  compute  the  correction  in  time,  to  be  applied  to  the 
mean  of  the  times  of  observed  equal  altitudes  of  the  sun,  in 
order  to  obtain  the  time  of  its  meridional  passage.    See  page 

128. 

« 

rfP=— (tang.  0  cosec.  P— tang.  6  cot.  P). 

c{P=:the  increase  of  the  hour  angle  in  time ; 

£U= increase  of  declination  from  the  meridian  to  the  afbemoon 

observation ; 
P=:hour  angle  from  the  meridian,  supposing  no  change  in  dec- 
lination ; 
d= declination  of  the  sun  on  the  meridian ; 
^=the  latitude  of  the  place. 


Far  Ike  Angle  of  the  VerlictU. 
tBOg.  ^' = taog.  ^  X  0.99332;>4. 

For  the  Radius  of  the  Earth. 

*  coa.  0'  cos,  (^— ^) 


I 


3.  «= 


For  the  horizontal  Parallax  of  any  Place. 
p  =  r?. 

For  the  Moori's  Parallax  in  Altitude. 

1,  sin.  q=%m.psai.{z-^q). 

a    .  sin.  p  sin.  z 

2.  taog.  q=  , —  -.-'^ . 

l—s\a.p  COS.  X 

tan.  p  an.  e    sin."  p  Mn.  2z    sin.'  p  sin.  2z 


For  the  Moon's  Parallax  in  Right  AscensiotL 

„  ,  sin.  p  cos^A' 

]C«ke  a = i- — — i-. 

COS.  a 

1.  sin.  n=o8in.  (A+n). 

2.  tang.  n=.j ,. 

°         1  — a  coa.  A 


1   „_g  sip-  *     o'  flip-  2A     o'  sin.3A  , 
~  sin.  1"       sin.  2"        sin.  3" 


-  +  , 


sin.  2" 

For  the  Moon's  Parallax  in  Declination. 
,    ,         „    A     sin.  »  sin.  *'\  sin.  A' ,        , 

1.  tog.  *=(i — £^  j  ^^  ta-g.  i 

'  COS.  ia 


1 


_  sin,  p  sin.  ^' 
"^     sin.  i 
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2.     sin.  7T=c  sin.  (6— d+^r). 

°  1  — C  COS.  (6— <J) 

.         c  sin.  (6-d)  ,  c»  sin.  2(6-d)  ^  c^  sin.  3(6-d)  ,      . 
Sin.  V^  sm.  2'^  sm.  3'' 

For  the  hourly  Variation  of  Parallax  in  Right  Ascension. 

COS.  d  * 

For  the  hourly  Variation  of  Parallax  in  Declination. 

d7r=p  COS.  0^  sin.  d  sin.  hcUi. 

For  the  Augmentation  of  the  Moon^s  Semi-diameter.  . 

1.  x=zA.^  COS.  jzr'+iAV+iAV  cos.' ^2:^+,  etc., 
where  A=0.00001779. 

2.  x=s  sin.  n  cot.  (6— d)— i  «  sin.^  n. 

Notation. 

^=the  geographical  latitade  of  the  place ; 

^^= the  geocentric  latitade  of  the  place ; 

r = the  radius  of  the  earth,  corresponding  to  the  latitade  0; 

z=the  true  zenith  distance  of  the  moon ; 

P=:the  moon's  horizontal  parallax  at  the  equator; 

p=the  horizontal  parallax  at  the  place  of  observation ; 

^=the  moon's  parallax  in  altitude; 

d=the  true  declination  of  the  moon ; 

d'' = the  apparent  declination  of  the  moon ; 

A=the  true  hour  angle  at  the  pole = the  sidereal  time^  minus 
the  moon's  true  right  ascension ; 

A^=the  apparent  hour  angle ; 

n=the  moon's  parallax  in  right  ascension ; 

ir=the  parallax  in  declination; 
(/Il=the  variation  of  parallax  in  right  ascension; 
</T=the  variation  of  paraUax  in  declination ; 

i=:^the  true  semi-diameter  of  the  moon. 
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TRIQONOAIETaiCAL    FORBfULiB. 


I  ValttMoraiiL  A. 


1. 


2. 


3. 


COS.  A  tang.  A 


COS.  A 
cot.  A 


Vl— COS.*  A. 


ValoM  of  COS.  A. 


sin.  A 
tang.  A' 


sin.  A  cot  A. 


Valiw  of  tiag.  A. 


sin.  A 
cos.  A' 


Vl— sin.*A 


cot  A 


n/ 


4. 


5. 


6. 


7. 


VT+oot?A* 

tang.  A 
Vl+tangJX 


2  sin.  |A  COS.  ^A. 


8. 


9. 


V^ 


—COS.  2 A 


10. 


2  tang.  ^A 
l+tang.^iA' 


tang.  iA+oot.  iA' 


-/I + tang.*  A 

cot.  A 
-/l+ootTT 

cos.^  iA— sin.*  J  A. 


1-2  sin.*  iA 


2cos.*iA-l, 


COS.*  A 


sin.  A 
Vr-sin.*A 

VI— COS.*  A 
COS.  A 

2  tang.  jA 
l-tang.»  J  A' 

2cot  ^A 
cot.'  iX-V 


11. 


12. 


13. 


cosecant  A 


2sm.2(45o  +  iA)-l. 


l-28m.»(45o_JA). 


n/ 


1+cos.  2A 


1— tang.*  iA 
l+tang.*iA' 

cot.  iA— tang.  iA 
cot  iA+tang.  iA' 


1+tang.  Atang.  jJA 


secant  A* 


cot.  i  A— tang,  i  A 


ootA— 2oot2A 


1— co8,2A 
sin.  2A 


sin.  2A 


l+oos,2A 


v4 


—COS.  2A 


l+coa.2A 
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* 

Relative  to  two  ArcSj  A  and  B. 

sin.  (A+B)=sm,  A  oos.  B+oos.  A  sin.  B, 
sin.  (A— B)=sin.  A  cos.  B— cos.  A  sin.  B, 
COS.  (A+B)=oos.  A  008.  B—sin.  A  sin.  B, 
cos.  (A— B)=cos.  A  COS.  B+sin.  A  sin.  B, 

tang.  (A+B)  =  ,^°g'^+^°gil-, 
w^B  V^t-    ;     l-tang.  A.tang.  B* 

tanff  (A    B)-  ^^^g- A-tang.  B 
tang.  (A-li)-i^^g^^j^g  g, 

sin.  ( A + B)  __  tang.  A + tang.  B  _  cot.  B+cot.  A 
sin.  (A— B)     tang.  A— tang.  B     cot.  B— cot.  A* 

COS.  (A+B)_cot  B— tang.  A__cot.  A— tang.  B 
COS.  (A— B)    cot  B+ tang.  A    cot.  A  +  tang.  B' 
sin.  A  COS.  B=i  sin.  (A+B)  + J  sin.  (A— B), 
COS.  A  sin.  B=i  sin.  (A+B)  — i  sin.  (A— B), 
sin.  A  sin.  B=i  cos.  (A— B)  — J  cos.  (A+B), 
COS.  A  cos.  B=i  COS.  (A+B)  +  i  cos.  (A— B), 
sin.  A+sin.  B=2  sin.  i(A+B) .  cos.  ^(A— B),    , 
COS.  A+oos.  B=2  COS.  i(A+B) .  cos.  i(A— B), 
sin.  A— sin.  B=2  sin.  J(A— B) .  cos.  i(A+B), 
cos.  B— COS.  A=2  sin.  J(A— B) .  sin.  J(A+B), 

tang.A+tang.B=  ^^'(^+^) 
^     ^^         COS.  A.  COS.  B' 

A  A  .      4.  13      sin.  (A+B) 

cot.  A  +  COt.  B=    .         / : '=ry 

sin.  A .  sin.  B 
X         A     ^         Tj      sin.  (A— B) 

.   -.        ,    .       sin.  (A— B) 
cot.  B— cot.  A=-: — r — ' — ki 

sin.  A .  sin.  B 

sin.  A+sin.  B_tang.  ^(A+B) 
sin.  A— sin.  B""tang.  i(A— B)* 

cos.  B+cos.  A_  cot.  ^(A+B) 
cos.  B— oos.  A  ""tang.  i(A— B)' 

Z 


Pea. 

CTICA 

■ 
I.  A 

.8TROK0MT 

n 

Multiple 

:  Arcs. 

■ 

on. 

2A  = 

=2  sin. 

A  COS.  A, 

sin. 

3A= 

=  2  sin. 

2A 
3A 

,008.  A— sin. 
.COS.  A  — sin. 

A, 
2A, 

4.1  = 

=  2  sin. 

COS. 

2-\= 

=2cx)s. 

Ara».  A-1, 

=  1-2 

sin.' 

A, 

COS. 

3k- 

=2  COS. 

2A 

COS.  A— cce. 
»a.  A— COS. 

2A, 

COS. 

tang. 

C 

J 

tang. 

3A  = 

f  tang.  A 
A  tang.  A' 

m 

tang. 

ik: 

+. 

- 

f  tang.  A 
lA  tang.  A' 

i 

Trigonometrical  Series. 

_^+_i! -^J^ + 

2.3^3.3,4.5    3.3.4,5.6.7^ 
A*  ,      . 

273:4~2.3.4.5.6+'  *^' 

etc., 

3A* 


^        .      .  ,  A'     3A'      17A' 
tang.A=A+^+^+^-g-^- 

.^1     A      A=      

A    3     3».5    3^.5.7 


,  etc. 


Differentials  of  Trigonometrical  Lines, 

d  sin.  x=-  +00S.  X  dx, 

d  COS.  x=  —sin.  X  dx, 

^^             ,     ^ 
a  tang.  x=-\ r— , 

009.' X 

doota:= — :—;— - 


^0l0t0m^f^f9r^^m^^m^0^W  mmt^^^^^fa,mi,mm^mfm^m;m,  •amw—ti^'nmi'^m^t^kftfmm^^^im^'tmmm'^'t^^l^^m 


TABLES. 


POSITIONS  OF  THE  PRINCIPAL  FOREIGN  OBSERVATORIES. 

Ik  Luliudu  iDd  Wen  Lonjliiiika  m  Indluted  by  iSu  glfu  .f ;  SouUi  LslJIode*  and  Eui  Lsii(iiiid« 


Abo 

Annagh 

,Beriin..l , 

Bilk , 

Brealaa , 

BrnsseU 

Cambiidge,  England. 

Cape  of  Good  Hope. . 

Christiaiiia  _ 

Copenhagen 

Cracow 

Dorpat 

Dublin 

Durham 

Edinburgh 

Florence 

Geneva 

Giitlingen 

Gotha 

Greenwich 

Hainbu:^h 

Kbnigsberg 

KremamtliiBter 

Lejien'.'.'.'." '.'.'/,'.. 
Liverpool 

Mannhejin , 

Markiee 

Maraeilles , 

Milan 

Hodena 

Munich , 

Olmuts 

Orford 

Padua , 

Palenno 

Paianmtta 

Paria 

Pelersburgh 

Pulkowa 

San  Fernando 

Santiago 

Senftenberg 

Vienna 

Wilna 


+60  a 
+53  3 
+  54  a 
+  37  5 
+5a  3 
+5i  . 
+5o4 


+53  a 
+55  i 
+54  i 
+48 
+5i  s 
+5a 
+53  a 
+  i3 
+49  s 
+54  1 
+43   . 
+45  a 
+44  3 
+55  i 
+48 


54  43. 
4o  53, 
3  5o, 
33  47. 


)  35  4o 
[  45  36 
>  34  a 
J  6  44 
i  48  49 
i   5o  i3 


1  53  54 

3  B7  45. 


+  5o 
+48  I 
+54  4 


■  6  55  5 
4  43  49. 

■5  I  53, 

■  4  55  a8, 

■  5  53 
'  5  3i 


-  8  34  43, 

■  6  3o 

■  6  4  44. 

-  5  57  39 
'  5  36  8 

-  4  56  II 


■  6  i3  43.7- 

■  6  49  aa.oV 


3  39  46.: 
)  26  35.5 
[  34  55.: 
)  53  34.9 
3  37  4.9 
1  aa  34.5 


0  o  a3.5 

1  i3  56. < 

0  43  54.8 
.  5o  19.3 

1  19  5l.3 

I  46  54.6 


+  6  = 


3  56  33.4 
J  49  "8.5 
3  .7  57.4 

5  30  57,0 
3  33  5i.5 
3  33  48.4 


-  o  49  54.7 
o  a4  49 

4  4a  33.6 

-  1  5  49.9 
■   I  5  3a. 5 


9  56  3a, 
6  38  5a, 
a3  43  47, 
1 3  33  43. V 

6  46  13.,, 

7  6  6.5 
17  3  3o.- 


:8  ae  59,7 
:o  43  41.4 
:3  34  4g.5 

■9  57  48.6 
—  a6  43  38.4 


I  34  3o, 

3  10  45, 

11  1 5  34.9 

6  9  a5.9 

9  56  3i.5 
10  43  54.9 

9  58 
49  7  58.9 


.  9  If  39.6 

■  10  55  59. S 

■  .37  34  19.3 
11  36  36.6 


LATITUDES  AND  LOSGITUDES  OF  PLACES  IN  THE  UNITED  8TATK 


BuHington.VL 4i  =7 

Hiddkbiiry.Vt M     o 

Bnuuwick,  He.,Colle^ j3  54  ao. 

ftuwrer.N.H 43  43  3o 

BoBbecter,  N.  Y '43    817 

CJirtDii,N.  Y 43    a 

SdtMiMibdy,  N.  Y 4i  43 

WiUimmslown,  Mass Ja  ia  49 

AJhwy,  N.  Y.,  C»phoI '43  So     3 

Beloit,\VU 


Cambridge,  KUss.,  Obeerral 

Amherst,  liMB.,  College 

Boston,  Klaas.,  Sute  House. 

Ann  Arbor,  Alich. 

ChicaffO,Ill , 

ProTidence,  R.  l.>  College 
Hartrord,  Conn.,  Stale  Hon 
Middletown,  Conn.,  College. 

We3tPomt,K.Y 

N«w  Hareo,  Ccaa. ,  Ooll.  Sp. 


NintocLct,  Mass.,  Mite.  Obs. 
Hudson,  Ohio,  Observalory  . 
New  York,  City  Hall... 
Princeton,  N.  J.,  CoUcge 
CuiODSbiirgh,  Penn, 

CArltale,  Penn 

Crawfordsville,  la. 
Pbitadelphia,  High  Scti.  Obs. 
Jacksonville,  III. 
OiTord,  Ohio  ... 
Athens,  Ohio... 
Baltimore,  Wash. 

BloaWngton,  la. 

Cincinnati,  Ohio,  Obscrralori- 
Annapolis,  Md.,  State  House 
Georgetown,  D.  C,  ObseiT. . 
'■'    ■         in,  D.  C,  Obserr.. 


I,  Mo. 


SanFruT>.>i.'tcn,r'»l.,SanJose  I7 
Monterey,  ('jL,Ob«erT3torj.  '36 
NashTille,  Tenn.,  Unireraity '36 

Chapel  HiU.  N.  C 35 

Santo  Fc,  New  Mexico J35  4 

Coh«nbia,S.C -n  5 

AthBiu,Ga 33  5 

TtMcatoosa,  Ala 13   1 

Cbuleataa,S.C   Cibbes'Ob.  Is  i 
SwDiBgo,CiJ.,Ob>Frxat'y.  3i  4 

,  Ga.,  Eiebangn  . .  3a 

'te,Ali..Kpi>co«l»piin  3o  4 
HlMiu.Cilvn>n-...|*9  5 
'-  '■'».. ^«irt>hoi«<.'  ao   1 


39  5.0 

5  47  16-" 

a  5, 

5  >7  .0 

55  54 

7  i     5.5 

S  34  =8 

=,s  1. 

5  33  48 

43  37 

5  5o43 

5  19  44.0 

4o  4a. 3 

7  48  53.5 

5.*j+o  '4 

■I    \-i-o  5 
t-5+.   . 


5  53     5.9 

:]6     o     o 


I  90    »    •   ! 
94  4«  33.  ^ 


Table  III. 
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Ta  centtrt  Jtears,  IHtaulct,  Jind  Sccoadi  into 

To 

onvCTl  DeamMi  of  a  Dav  into 

DccinuUjcf  a  Vfiy- 

tfflur.,  jWiniitM,  and  Stcoildt. 

B^>r^ 

l><icim>]. 

MW. 

-DeeIruI.     1   S«. 

UcdlflllL. 

D«. 

il,   M.    B.|    IW, 

11.    H-      S. 

~Y' 

.o4i6  + 

1 

.000694+ 

, 

.00001  111 

.0, 

0  i4  34 

-Gi 

14   38  a4 

.0833+ 

.001388+ 

0  b8  48 

.6a 

,4  53  48 

3 

..a5o-(- 

3 

.003083+ 

3 

.0000347 

.o3 

0  43   13 

.63 

,5     7   '  = 

4 

.1666-- 

4 

.003777  + 

4 

.oooo40i 

.04 

0  57   36 

.64 

:5  9.   36 

5 

.ao83- - 

5 

.003473  + 

5 

.0000579 

.o5 

.65 

i5  36     0 

G 

•aSoo-. 

6 

.004166  + 

6 

. ooouQoi 

.06 

1   36  34 

.66 

i5  So  a4 

7 

•  agiG-f- 

7 

.0048S1  + 

7 

.00008,0 

.07 

1  4o  48 

.67 

16     4  48 

.3333-1- 

8 

.005555+ 

S 

.08 

1   55   13 

.68 

.6    19    13 

9 

.3750-1- 

9 

.oo6j5o  + 

9 

.0001043 

.09 

3     9  36 

.69 

16  33  36 

.4166-1- 
.4583+ 

.006944  + 
.007633  + 

.000,15, 

3  38  34 

.70 

,7     a  24 

.5ooo+ 

.008333  + 

.'0^1389 
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.7a 

17   16  48 

i3 

.5416  + 

13 

.009037+ 

i3 

.ooo,5o5 

.,3 
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73 

17  3i   ,3 

U 

.5833+ 

i4 

.009733  + 

i4 

.  000,  S3(i 

■  i4 

3  3.   36 

74 

17  45  36 

iS 

.6250  + 

i5 

.oio4i6+ 

i5 

.0001736 

.i5 

3  36     0 

75 

i6 

.6666  + 

16 

16 

.000,85: 

.:6 

3  So  =.4 

76 

18  i4  34 

'7 

.7083  + 

t? 

.ou8o5  + 

'7 

.000,96^ 

■■7 

4    4  48 

77 

iS  38  48 

iS 

.7500+ 

18 

.0I35OO  + 

.oooao8S 

.iS 

4  19  .3 

78 

18    43    19 

•9 

.79.5+ 

'9 

.0,3,94  + 

■9 

.000a 199 

■9 

4  33  36 

79 

18  57  36 

.8333  + 

.0,3888  + 

.00033,6 
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80 

19  13    a 

.6750+ 

.0,4583+ 

.0003431 
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81 

19   36  34 
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.0003546 
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33 

.9583+ 

a3 
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33 

.33 
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83 
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34 

[  .0000+ 

si 

.0,6666  + 

^4 

.000,77s 

.34 

5  45   36 

84 
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=  5 
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35 

.0003 6g4 
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600 

85 
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a6 
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6   ,4  34 
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3i 
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3, 

.0003588 
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9' 
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■a 

39 

33 

.0003704 

-3a 
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9a 
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33 
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93 
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34 
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94 

93  33  36 

35 
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ii 
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4, 

.0004745 

.41 
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43 
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43 
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43 
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44 
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49 
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5o 

.0005787 
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.035416+ 

5i 
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371.1 

437.0 

485.9 

55o.G 

618.3 

689.9 

765.4 

844 

7 

938 

46 

3.9.9 

372.0 

428.0 

437.9 

55:. 7 

6:g.5 

69:.: 

766.7 

846 

939 

G 

4t 

3ao.8 

373.9 

429.0 

488.9 

55a. 8 

620.6 

693.4 

768.0 

847 

5 

931 

43 

33:. 6 

373.8 

429-9 

490.0 

553.9 

6a. .8 

6,3.6 

769.3 

848 

9 

93a 

4 

49 

3aa.4    374.7 

430.9 

49"  .1 

555.0 

633.0 

694 .8 

770.6 

85o 

933 

8 

5o 

333.3 

375  .ti 

43:  .9 

493.0 

556.: 

634.1 

696.0 

771.9 

».■>: 

6" 

-^ 

5i 

334.: 

376.5 

433.8 

^93., 

557.3 

635.3 

697.3 

773.; 

853 

9 

936 

6 

Sa 

3a5.o 

377.4 

433.8 

494.1 

558.3 

636.5 

698.5 

774.5 

854 

3 

938 

53 

325.8 

378.3 

434.8 

495.3 

559.4 

637.6 

699.7 

775.8 

855 

? 

939 

5 

54 

336.7 

379.3 

435.8 

496.3 

560.5 

628.8 

701.0 

777.1 

857 

94o 

9 

55 

327.5 

38o.a 

436.7 

497-= 

561.6 

630.O 

702.3 

778.4 

858 

4 

943 

5 

56 

328.4 

38:.: 

437.7 

498.3 

563.7 

63:. 3 

703.5 

779-7 

859 

a 

943 

6 

57 

329.3 

383. 0 

438.7 

499-3 

563.9 

633.3 

704.7 

78. .0 

,45 

58 

33O.0 

382.9 

439.7 

500.3 

565.0 

633.5 

705.9 

783.3 

5 

-)46 

6 

_  So 

■^^n.^) 

383.8 

440.6 

501.4 

566.: 

634.7 

70-,. I  i8^.%v%fe-?,.ti\tiia..-v 

v 
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0 

949 

.6 

I 

951 

.0 

2 

952. 

.4 

3 

953 

•«. 

4 

955. 

.3 

5 

956. 

•7 

6 

958. 

.2 

7 

959. 

f^. 

8 

961 . 

I 

9 

962. 

.') 

10 

9O ). 

9 

II 

9G5. 

4 

12 

966. 

9 

i3 

968. 

3 

i4 

969. 

8 

1 

i5 

971. 

=1 

16 

972. 

7; 

n 

974. 

I 

i3 

975. 

5" 

>9 

977. 

,0 

20 

97:5. 

:> 

21 

979- 

•9. 

23 

981. 

4 

23 

982. 

9 

24 

994 

.4 

25 

935 

.8 

26 

987 

.3" 

27 

988 

'«. 

28 

990 

0 

2') 

991. 

K 

.i.} 

993 

•  1 

3i 

994 

•  / 

33 

996 

0 

33 

997- 

••^i 

34 

999 

.  I 

35 

1000. 

(» 

36 

1 002 . 

I 

^7 

ioo3. 

5 

38 

ioo5. 

.0 

39 

io.>n. 

•"> 

40 

I  (>»>•?. 

i> 

4i 

1 009 . 

42 

1 0 1  (^ . 

9 

43 

1012. 

4 

44 

ioi3. 

9 

43 

1 0 1  D  . 

/ 
4 

46 

I016. 

</ 

47 

r«>i8. 

# 

•4 

48 

1 0 1 9 

V 

49 

lO'II  . 

1 

5o 

lOJJ 

> 

5i 

:io24 

•1 
.  1 

52 

1 01: 5 . 

** 

53 

n>27. 

.3 

54 

1028, 

.»* 

55 

io3(» 

.3 

56 

io3i. 

.« 

57 

io33. 

.3 

58 

io3i, 

.8' 

'7 

lolfi, 

.3 

1037. bi 

1039.3' 

io4o.b' 

1042.3! 

1043.8 

1045.3 

I046.8 

1048.3 

1049.8 

io5i .3 

IOD2.> 

io54.3 

1055.9 

1057.4 

io58.9 

1060.4 

1062.0. 

io63.5| 

io65.o: 

ro6G.5. 

1 

1 068 . 1 

1069.6 

1071 .1 

1072.6 

1074.2 

1075.7: 

1077.2 

1078.7: 

1080.3: 

1081.^ 

lo^  i.  i 

1084. b 

10S6.4 

1087.9" 

1089.5] 

1091 .0' 

1092.6, 

1094. 1, 

109:,.  7; 

1097.1.! 

109-.^^ 

1 100.3 j 

I roi  .9 

iio3.4" 

I io5.o 

1 106 .  '1 

iioS.i 

1 1 09 . 0 

1 1 II  .2' 

1 

Mf«.-' 

I  1  I4.  • 

I  I  ID.** 

III7.4 

II18.9 

I  120. '^i 

I  122.0 

II23.6 

1135. I, 

1126.7 

iinS.^l 

29.9 

3i.4 

33. O; 

34.6 

36.2 

37.^ 

39. 3 
40.9 
42.5 
44.0 


4o.''. 
47.2' 
48.8 

5o.4 

52. o 

53.6 
55.2 
56.8, 

58.3: 

59. () 


61 .5 
63. il 

64. 7I 
66.3 

O7.9; 
60.5 

7?..| 

72. 7i 
74.3 

75.9 


77-3. 
79.1 

80.7: 

82.3; 

83.9; 

85.51 
87.1 

^- •  /■ 

90 . 3 
91  .f) 


9  i.  > 
95. 1 
96.7' 
98.3' 

99-9, 
201 .5 

2o3. 1. 

304.7' 

306.4 

209.0 
2  I  I  .  2 
212.9 

2l4.?^ 
2  1 6  .  I 
217.7 

219.4 
221  .0' 
232.6 
32^. •! 


235.9: 

227. 5j 
229.21 
230.8' 

232.5 

234. r 
235.7; 
237.3; 
239.0.' 
^.io.6 


242.3; 
243.9' 

245. 6j 
247.2, 
248.9: 
25o.5| 

253.2 

253.8 
255.5 
267. 1 


208.'^ 

260.4 
262. 1 
263.7^ 

265.4" 

267.0 

268.7' 

270.3' 

272.  r 
f,     ■ 


275.4 
277.1 
278.8. 

280.4 
282  .   I  ' 

283.8 
285.5 
287.1 

288.  h 

290.  5 


-9--- 
293.8 

295.5 

297.2: 

298.9 

3oo . 5 . 

3o2 . 2 

3o3.9 

3o5.6' 

>•■>? .  > 

M»9  .  O 
310.7 
'»  1  -^       ' 

•I4.   I 

T  F  5 . 7 
If- 


)I 


/  •-» 


319. 1 
320.8 

322.5 


1325.9: 

1327.6 

1329.3 

i33i.o 

1333.7I 

1334.4, 

i336.r 

1337.6 

1339. 5| 

1341.2' 

1342.9: 

1344.6 

1346.3 

I348.0 

1349.7 

i35i.4 

1353.2' 

1354.9" 

1356.6. 

1358.3; 

i36o.i 

i36i.8 

1363.5, 

1365.2 

1367.0 

1368.7' 

1370.4' 

1372.1 

1373.9 

1375.6 

1:577.4, 

1379.0 

i38o.8 

1382.5 

1384.2 

1385.9 

1387.7 

1389.4 

1391.2 

1392.9 

1394.7 

1396.4 

1398.2 

1399.9 

i4oi .7 

i4o3.4 

i4o5.-j 

1406.9' 

1408.7 

1 4 1 0 . 4 

1 4 1 2 . 2 

l4l3.y 

i4i5.7 

1417.4 

1419.2 

1420.9 

1422.7 

1424.4 

1426.2 

idiT.q 

1429 

•7 

i43i. 

.4: 

i433. 

>  2. 

1434. 

■9 

i436. 

•7 

i438. 

.5 

i44o. 

.3 

1442. 

r 

1443. 

'9 

i445. 

.6 

1447. 

.4. 

1449 

1  2 

i45i. 

.0 

i452. 

.8 

1454. 

.5' 

i456. 

.3 

i458 

1 
.  I 

1459. 

9 

i46i. 

.() 

1 463. 

.4 

i465. 

^  2 

1 466. 

1 

'9 

1 468. 

•7 

1470 

.5 

1472. 

.3 

1474 

.0 

1475 

•9 

1477 

•7 

1479 

.5 

i48i 

0 
> .» 

i4&3 

.  I 

i484 

•9 

i486 

•7 

i488 

.5 

1490 

.3 

1492 

,  I 

1493 

•9 

149.') 

•  7 

1497 

.5 

1499 

0 

i5oi 

.  I 

i:)02 

•9 

1 5o4 

•  / 

i5o6 

.5 

i5<.8. 

1 5 1 0 . 

•» 

l5l2. 

,0 

i5i3. 

s 

1 5 1 5 , 

.r, 

i5i7 

>  •4 

1.19 

•I 

i;)ji . 

0 

I  '»'J2  . 

9 

ivj4. 

7 

ir»26. 

1 5-8. 

3 

i53o. 

'» 

i533. 

0 

1 533. 

y' 

i535. 

6 

537.5 

539.3 
54 1. 1 
542.9 

544.  e 

546.6 

548.4: 
55o.2 
552. 1 
553.0 


^^D.^ 

557.6 

559.5 

561.3' 

563.2' 

565. o: 

566.9 

568.7 

570.5 
5-0    ' 


574.3 

576. 1 

578.0 

579.8 

581.7 

583.5 

585.3 

587.2' 

589.1 

590.9 


592.7 
594 . 6 
596.5 
598.3, 
600.2 
602 . 1 
604.0 
6o5 . 9 
607.7 
609 . 6 


On  .5 
6i3.3 
6i5.2 
617. 1 
619.0 
620. ^^ 
622 .  r' 
624. «' 
626 .  ^ 


Oto.-j 
632.1 
634.  o 
635.9 

637.7 
639.6 

641.5 

643.3; 

645.2: 

647* « 


649.0 
65o.9 
GSa.b 

654.7 
656.6 
658.5 

C60.4 
6C2.3 
664-2 
C66 . 1 


00?< .  o 
C69.9 
671.9 
673. tt 
675.7 
677.6 
679.5 
6tfi.4 
683.3 


007.1: 
689.1 
69 1 .  o 
692.9 
694.8 
696.7 
698 . 6 
700.5 
702.5 
7«^4 . 4 


7c»0 . 3 
708.2 
710.2 
712. 1 
714.0 
715.9 

717-9 
719. b 

721.7 

723.6 


72D.0 

727  •'» 
729.5 

731.5 

733.4 
735.3 
-'5-.    « 

739.2 
7-i  » .  I 


7^'>.  1 

747.* 

749.0 

75^1.9 

752.9 

754.8 

756.8 

758.7; 
760.7 

76a.  6 


764. C  it*,.c 
766.6  i^^tJ.t 

768.5  I^?^.C' 
70.5  1*^0. c 

72.4  I^«,2.I. 

74.4  1^94. Ij 
776.3  IJ96.I 

778.3  I?v'-'( 
780.3  1900. :j 

782.5  I<,02.8j 

7*?4.2  ly^.i 
786.2  i«.o6.5 
788.2  n^ «.•?.« 
790. 1  iijio.i 
792.1  1912.4 

794.1  ivi4.i 
796.1  1^16. S 

798.1  ivi*.5j 
800.0  Ii^SO.f 

8o2.o  ir.:2.6i 

I 


Uj2i. 


8o5.<.  !i,:6.. 
607. c  II,;?.? 
809.9  ii^So.7! 
811 .9  t9.:.9; 
8 1 3.9  1*^35.0; 
8i5.>«  1937.0; 
817. t  i9?9.c. 
819. »»  i^ii.i' 

S2I.*»  l.^'^-I. 


b23.>  i^,~i^•^ 
825.*"  1^4-.:. 
827. »?  1^-9.5 

829. ^  i^Si.j 
83i  .^  i^S:*.; 
S33.8  1955.: 
835. ?  19:7.^ 
837.**  19-9.? 
8 39.'*  UjUr 
SJi.*"  l(.^".- 


>4:'».*»  l^,^o.^■ 
845.**  196-.!?' 

847. ••i^S-^ 
849. •»  1 9-:. I* 

85i  .>  11*--. r 

S53.*«  It]-:.! 
855.**  1^-*.: 
feS7.»«  ii^v. 
8.S9.-  I ^' '»:.-' 


^«  I 


863.**  : 
86-.**  ii'.t..  .- 
869.  ^  ly«,-'" 

871. ^  i9si.' 

873.  »i  fy/.- 

^75.9  i99v- 

877.9  2iXW.- 
879.9  204'»'.J 

8&a.o  2o««i».* 
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o 

I 

a 
3 

4 
5 
6 

7 
8 


2007.4  2 

2009.4  2 

2011 .5 
3oi3.6 

2016.7  ^ 

3017.8  2 

3019.9  2 
2022.0 2 
I3024. 1  2 
2 02 '3. 2  2 


20JJ..i  2 

3o3o.5  2 

2032.5  2 

2034.6  2 

3036.7  2 
2o3d.b2 

3040.9  2 

2043.0  2 

3045.1  2 
19    I2047.2  2 


10 
II 

la 
i3 

i4 
i5 
16 

>7 
i3 


23  :2o49.^i2 

21  '2o5l.4  2 

22  !2o53.5  2 

23  l2o55.7'2 

34  2067.82 

2$  2069.92 

26  '2062.0  2 

27  2064.1  2 

aS  2066.2  2 

39  '2o69.3  2 


34.62266 


36.8 
38.9 

4i .  I 
43.2 
46.3 
47.5 

49.7 
61 .« 

53.9 


2267 
2270 
2273 

2274 
2276 
2278 
2281 

2283 

2286 


JO.  1 

68.3 
60.6 
62.6 
64.8 
66.9 

69. 1 

71 .2 
73.4 
76.6 


22»7 
2290 
2292 
2294 
2296 
2299 

23oi 
23o3 
23o6 
2  3o8 


7  /  .  O  2  J  I  O 


79-9 


23l2 


82.1  23l4 

84.3|23i6 

86. 412319 

88.6' 

90.8 

93.0 

96.2 

97.3 


99 


*io    3070.4,2 

3l     I2073.6  320I  .7 

3a  12074.7  2203.9 


33 

34 
35 
36 


2076.8 
2078.9 
2081.0 
2083.2 


2321 
2323 
2326 
2328 

333o 


37  |3o85.3 

38  .2087.4 

39  '3089.613219.3 

4S 


2206.1 
2208.3 
2210.5 
3312.7 

2214.9 
3317.1 


4i 
43 
43 
44 
45 
46 

47 
48 

49 


3091.7 
3093 . 8 
2096.9 
3098.0 
00.3 
03. 3 
o4.5 
06.6 
od.8 
10. q 


5o 
5i 
5a 
53 

54 
55 
56 

57 
58 

59 


3321  .D 
2333.7 
3336.9 
3338.1 
3230.3 
3233.6 
3334.7 
2236.9 
3239. I 
3241.3 


I  J.l;2243.d 

16.3I3345.7 

7.42347.9 


2  332 

2334 

2337 
2339 

3341 

3343 

2  346 
2348 
235o 
2363 


2356 
2367 
2359 
336i 

2364 
3366 
2368 
2371 
2373 
2376 


3360.1 
3362.3 
3354.6 
3266.7 
3368.9 
3361. I 


19.6 
ai.7 
23.8 
a6.o 
28.1 
3o.3 
32.4|2363.4 


2377 
338o 

3383 

3384 
3386 
3389 
3391 
3393 
3396 
3398 


2400. C 
2402 . 9 
2406.2 
2407.5 
2409 . 8 
2412.0 
2414.3 
2416.6 
2418.9 
2421 .2 


242:5.5 
2426.8 
2428.1 

2430.4 
2432.7 
2435.0 
2437.5 
2439.6 

244 I .9 
2444.3 


2446.5 
3448.8 
2461. I 

2453.4 
2455.7 
2458. o 
2460.3 
2462.6 

2464.9 
2467.2 


2469.5 
2471.8 
2474.2 
2476.6 
2478.8 
2481 .1 
2483.5 
2485.8 
2488.1 
2490.4 


2492.8 
2496.1 
2497.4 
2499.7 
2602. I 

2604.4 
2606.7 
2609.0 
2611 .4 
2613.7 


2616. I 
2618.4 
2620.8 
2623.1 

2626.4 
3637.7 
353o.i 

3633.4 
3634.8 
3537.1 
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m. 
6 
6 


8 


10 


II 


13 


Id 


i4 


i5 


00. oi 

00. 01 

20I0.01 


16 


3o 
40 
60 

o 
10 
20 
3o 
4o 
60 

o 
10 
20 
3o 
40 
60 

o 
10 
20 
3o 
4o 
60 

o 
10 
20 
3o 
4o 
5o 

o 
10 
20 
3o 
40 
5o 

o 
10 
20 
3o 
4o 
60 

o 
10 
20 
3o 
4o 
5o 

o 
10 

30 

3o 

4o 

5o 

o 

10 

ao 
3o 
4o 
5o 
o 


0.02 
0.02 
0.02 
0.02 
0.02 
o.o3 
o.o3 
o.o3 
o.o4 
o.o4 
o.o4 
o.o5 
o.o5 
o.o5 
0.06 
0.06 
0.07 
0.07 
0.08 
0.08 
0.09 
0.09 
o.io 

O.II 
O.II 

o.  12 
o.  i3 

o.i4 
0.16 
0.16 
o.  16 
0.17 
0.18 
o.  19 
0.20 
0.22 

0.23 

0.24 
0.26 
0.27 

0.28 

o.3o 
o.3i 
0.33 

0.34 
0.36 
0.38 
0.39 

o.4i 
0.43 
0.45 

0.47 
0.49 
0.63 

0.54 
0.56 
0.69 
0.61 


m. 
16 


17 


18 


19 


20 


31 


33 


23 


24 


26 


o'o 
10  o 


20 

3o 


4oo 
o 


5o 


26 


10 

20 

3o 

4o 

5o 

o 

10 
20 

3o 
4o 
5o 

0 
10 

20 
3o 
4o 
5o 
c 
10 

20 

3o 
4o 
5o 

o 
10 
30 
3o 
4o 
5o 

o 
10 
20 
3o 
4o 
5o 

o 
10 
20 
3o 
4o 
5o 

o 
10 
20 
3o 
40 
5o 

o 
10 
30 
3o 
4o 
5o 

o 


•  / 

m.   «. 

.61 

26   0 

.64 

10 

.67 

20 

.69 

3o 

.72 

4o 

.75 

5o 

.78 

27  0 

.81 

10 

.84 

20 

.88 

3o 

.91 

4o 

.96 

60 

.98 

28  0 

.02 

10 

.06 

20 

.09 

3o 

.i3 

4o 

.18 

5o 

.22 

29  0 

.26 

10 

.3o 

20 

.35 

3o 

.4o 

4o 

.44 

5o 

.49 

3o  0 

.64 

10 

.60 

20 

.65 

3o 

.70 

4o 

.76 

5o 

.82 

3i  0 

.87 

10 

.93 

20 

•99 

3o 

.06 

4o 

.13 

60 

.19 

32   0 

.36 

10 

.33 

20 

.39 

3o 

.46 

4o 

.64 

60 

.61 

33  0 

.69 

10 

•77 

20 

.85 

3o 

.93 

4o 

.01 

5o 

.10 

34  0 

.18 

10 

.37 

20 

.36 
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.1764 

38 

.99^=. 

.3434 

.JatiS!    .585.-, 

.7275     .6655 

.0075     ..638'    .3537     .C3..4 

.3. 49 

40 

9.0043 

n.a5o3 

j.4343'9.590., 

;. 7331,9.870] 

0.0.340. .6950. 35990.03.1; 

.0.73    .1751;   .3675    .6438 

,.=56^ 

4) 

.0143 

.=57, 

.4399.    .594^ 

.7367I    .8748 

.3«33 

44 

.n34o 

.a639 

.4454;    .5997 

.74i3[   .8794 

.0333     ..Mu^i    .-;:'    .655y 

.3552 

46 

.o336 

.3706 

.4509I   .6o4<' 

.7459I    .gH4' 

.75o5     .Sft-y 

.0373;    .iHCO     .    -         .668^ 

.4.38 

48 

.043 1 

.3773 

.4563]    .6094 

.o3a3l    .19341    .    -  '       .681. 

.48.4 

5o 

a.o534 

':f;i 

9.46.79.614'' 

;.7553ly.fiy-n 

0.03730.. 9630.    ,,-,,..694= 

I.5GI3 

Sm 

.0616 

.4671     .6.9. 

.75981    .fq". 

.0422     .ao4o    ..'i.i'.'    .7076 

.6587 

54 

.<>^o^ 

.3970 

.4735    .633-, 

.7644!    .9'-'"' 

.0473     .2099     -i""     ■7='4 

.7843 

5S 

.0798 

.3o34 

.4778    .638: 

.7B90!    ,.,0;^,    .o5a3    .3159    •^-'■'    -7355 

.9610 

sa 

.0884 

.3098     .483i;    .6335 

.7736;   .cjii'i,   .o574l   .aam!  .i,'iv,i'.,   .^^Q■l^■^.■*-•!.-^. 

i  Table  XII. — ^Length  of  a  Degree  op  Long,  asd 


utitude. 


An^tle  of 
Vertical. 


o 

/ 

O 

0 

I 

0 

2 

0 

3 

0 

4 

o» 

5 

0 

6 

0 

7 

0 

8 

0 

9 

0 

lO 

0 

II 

0 

13.^  O 

i3 

() 

i4 

0 

i5 

0 

i6 

0 

n 

0 

iS 

0 

'9 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

2G 

0 

27 

0 

28 

0 

29 

0 

3o 

0 

10 

20 

3o 

4o 

5o 

3i 

0 

10 

20 

3o 

40 

5'> 

32 

0 

10 

20 

3o 

4» 

5,. 

0  '1 

0 

34 


I«> 

!'..» 

o 
10 
20 
3o 
4o 


o 
o 
o 
I 
I 
I 


o. 

24. 

48. 
II . 
35. 
59. 

2  23. 

46. 
9- 

32. 

55. 

17- 
4o. 

I . 

23. 

44. 
4. 

25. 

44. 
4. 

4o. 

53. 

i5. 
8  32. 
8  47. 


2 
3 
3 
3 
4 
4 
5 
5 
5 
6 
G 
6 

7 

7 

7 

7 
8 


Dur 


9 
9 
9 
9 
9 

10 


10 


3. 

17- 
3i. 

44. 
57. 
59. 

I . 

3. 

5. 

6. 

10  8. 

10. 

12. 

i4. 
iG. 
18. 
19. 
21 . 

23. 
2G. 

28. 

3o. 
3i. 
33. 

34. 
36. 
33. 
39. 

4i. 
43. 
44. 
45. 
46. 
4S. 


10 


10 


00 
02 
02 
95 
80 

54 
12 

54 

76 

74 

47 
92 

06 

85 
28 
33 
95 

i4 
86 
09 
80 

99 
61 

66 

10 

93 

12 
65 
5o 
66: 
12 
12 
II 

07 
02 

94 
85 

73 
59 

44 
26 
06 

84 
60 

34 
01 

75 
43 
08 

7» 

32 

9» 

48 

o3 
55 
06 

54 
00 

44 
86 

95 


24.02 
24.00 
23.93 
23.85 
23.74 
23.58 
23.42 

23.22 
22.98 
22.73 
22.45 

22.14 
21.79 

21.43 

21  .o5 
20.62 

20.  19 
9.72 
9.23 
8.71 
8.19 
7.62 

7.o5 

6.44 
5.83 
5.19 
4.53 
3.85 
3.16 
2.46 
2.00 

•99 
.96 

.95 

.92 

.91 

.88 
.86 
.85 
.82 
.80 
.78 
.76 

.74 

•71 
.70 

.68 

.65 

.63 

.61 

.  59 

.57 

.55 

.52 

.5i 

.48 

.46 

.44 

.42 
.39 


Lonrithmor 
Euu*a  Radius. 


o . 0000000 
9.9999996 
9982 
9961 
9930 
9891 
9.9999843 
9786 
9721 
9648 
9566 

9476 
9.9999377 
9271 
9157 
oo35 
8905 
8768 
9.9998624 
8472 
83i4 
8149 
7977 

7799 

9.9997614 

7424 

7228 

7027 

6820 

6608 

9.9996392 

6355 

63i9 

6282 

6245 

6208 

9.9996171 

6i34 
6096 
6059 
6021 

5984 

9.9995946 
5908 
5870 
5332 
5794 
5755 

9.9995717 
5673 
5G4o 
5Goi 
55G2 
5523 

9.9995484 
5445 
5406 
5367 
5327 
5283 

9.<)995!iA4 


Dur. 


4 
i4 
21 
3i 
39 
48 

57 
65 

73 
82 

90 

99 
06 

i4 
22 
3o 

37 

44 

52 

58 
65 
72 

78 
85 

90 

96 

3JI 
207 
213 
21G 

37 

3G 

37 

37 

37 

37 

37 
3S 

37 
33 

37 

3!) 

3S 
3S 
33 
38 
3, 
33 

39 
33 

39 
3, 

39 

39 

39 

39 

39 

4o 

39 

4o 


Dm.  oTMendian. 
EngUsh  Feet. 


363748 

749 
752 

758 

766 

775 

362788 
8o2 
818 
837 
857 
880 

362905 
932 
960 
991 

363o24 
o58 

363095 
i33 
173 

2l5 

258 
3o3 

363349 
397 

447 

498 
55o 

6o3 

363653 

667 

676 

685 

695 

704 
363713 
723 
732 
742 
751 
761 
363770 
7S0 
789 

799 
8o3 

818 

363823 

837 

847 
857 
867 

363^'jo 
896 
906 
916 
926 
936 

3r)3(,/G 


Dur. 


.33 

.43 

1 . 

3. 
5 

.75 

.28 

*j . 

.00 

7- 

.91 

9- 
12. 

.01 

14. 

•27 
.68 

16. 
18. 

.22 

.86 

20. 

.5q 

22. 

24. 
26. 

.37 
.18 

28. 

.98 

3o. 

.74 

3** 

.42 

34. 

•99 

36. 

.40 
.61 
.57 

0 

38. 

39. 
41 . 

.23 

.56 
.49 

43. 

44. 
46. 

.96 
.93 

.34 

i7- 
5o. 

.i3 

.24 

52. 

53. 

.00 

.14 

54. 

.34 

9^ 

.53 

9^ 

.84 

9- 

.14 

9^ 

.46 

9^ 

.81 

9- 

.2i^ 

9^ 

.61 

9- 

.o5 

<;• 

.52 

9- 

.02 

9- 

.54 

9^ 

.  10 

9^ 

.63 

9- 

.29 
.92 

.53 

9. 
9- 
9- 

•••27 
.93 

.73 

9^ 
9- 
9- 

.43 

9- 

.26 

9- 

.07 

9- 

.91 

•77 

9- 
;  9. 

.65 

9. 

1 

.55 

9^ 

.43 

!  9- 

.43 

9^ 

.40 

9^ 

Def-oTPanlkL  I 
EbsIwIi  Feet. 


10 
3= 
53 
72 
,91 
10 
26 
4i 
54 
64 
7S 

,81! 
80 

76| 
6b 

57 
4i- 

96 

og] 

33« 

I 

93. 

47, 

■97; 

4i| 

7v; 
II 

:;c 

2o" 

o   ' 

2C' 

3o' 

3'J 

* '  * . 

'1   ■ 

4r 

4:; 

5«. 
5i: 
5i 

5^- 

g:' 

6<: 

G/ 

7;! 

/  ■  i 

I 

^>- 

9  I 
9^ 

97, 


365i85.7i 
5i3o.47 
4964 . 74 
4688.57 
43o2.o5 
38o5 .29 

363198.43 
248 I. C4 
i655.i3 
0719. I 3 

359673.^2 
8619. 79 

357267.07 
5886.13 
4407. 36 
2SS1 . 19 
1 128. C7 

?49323.!o 

347422.  <,» 
54 1 2 . 07 

3296.36 

1076.45 
338752.^8 

63-j6.t2 
33379^  .c8 

I iGb .  10 

328437.  J4 
56o6.b9 
2677.27 

"i9^'49.44 
3iG52^.C9 
5994 .c3 
5461  .  10 
4925.  fc 
43S7.2' 
3b46.: 
3i33o2 . 7 

2756.4 
2207. C 
1 656. 1 
I  lOI  .4 

o545. 
309985 , 

9423. 

fc358, 

8291 

7721 

7149 
306674 

599C 

54iC 

483: 

424 

365 

3o3o6 

=4: 

i8( 

12l 
06 
00 
2994 


Angle  of  the  Vertical  and  Loo.  of  Earth's  Radius.  875 


GM;(rmpb. 

LltitU-1:). 


Annie  <^ 

Vertical. 


Dur. 


35  o 

lO 

20 
3o 
4o 
5o 

36  o 
10 
so 
3o 
4o 
5o 

37  o 
10 

90 

3o 
4o 
5o 

38  o 
10 
20 
3o 
40 
5o 

39  o 
10 
20 
3o 
40 
5o 

40  o 
10 

20 

3o 
4o 
5o 
4i  o 
10 
20 
3o 
4o 
5o 

42  o 
10 
20 
3o 
4o 
5o 

43  o 
10 
20 
3o 
4o 
5o 

44  o 
10 
20 
3o 
40 
5o 

45  o 


10 


II 


II 


II 


II 


10  4^*2^ 

49*63 
50.98 
•52. 3i 
53.62 
54*90 
56.16 
57.41 
58.63 
59.82 
1 .00 

2.l5 

3.28 
4.39 

5.47 
6.54 

7.58 

8.59 

9.59 

0.56 

i.5i 

3.44 

3.34 

4.22 

5.08 

5.92 

6.73 

7.52 

8.29 

9.04 

9.76 

20.46 

21. i3 

21.79 

22.43 

23.02 

23.61 

24.17 

24.70 

25.22 
35.71 
26.18 
26.62 
27.04 
37.44 
27.82 
28.17 

28. 5o 
28.80 
29.08 
29.34 
29.58 
29.79 
29.98 

3o.i4 
30.29 

3o.4i 
3o.5o 
30.57 
30.62 
30.65 


II 


II 


II 


II 


II 


Lonrithmof 
Earth's  Radina. 


.38 
.35 
.33 
.3i 
.28 
.26 

.25 

.22 
.19 
.18 
.i5 
.i3 
.11 
.08 
.07 

.o4 
.01 
.00 

•97 
.95 

.93 

.90 

.88 
.86 

.84 
.81 

•79 
•77 
.75 

•73 
.70 

.67 

.66 

.63 

.60 

.59 

.56 

.53 

.52 

.49 

.47 
.44 
.43 
.40 
.38 
.35 
.33 
.3o 
.28 
.26 
.24 
.21 
.19 
.16 
.i5 
.12 
.09 
.07 
.o5 
.o3 


9.9995248 
5208 
5169 
5129 
5089 
5o49 

9.9995009 
4969 
4929 
4888 
4848 
4807 

9.9994767 
4726 
4686 
4645 
46o4 
4563 

9.9994522 
448 1 
4440 
4399 
4358 
4317 

9.9994276 
4234 
4193 
4i52 
4iio 
4069 

9.9994027 
3985 

3944 
3902 
386o 
3819 

9.9993777 
3735 
3693 
365 1 
3609 
3567 

9.9993535 
3483 

3441 
3399 
3357 
33i5 

9.9993273 
323o 
3i88 
3i46 
3io4 
3062 

9.9993019 
2977 
2935 
3892 
a85o 
s8o8 

9.9992766 


Diff. 


40 
39 
4o 
4o 
4o 
4o 
4o 
4o 

4i 
4o 

4i 
4o 

4i 
40 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
43 
4i 
4i 
43 
4i 
43 
43 

4i 
43 
43 

4i 
43 

42 
43 
43 

43 

43 
42 
43 
43 
43 

43 
43 

43 
43 

43 
42 

43 
43 
43 
43 
43 

43 

43 

43 

43 


Deg.  ofMerkUao. 
English  Feet. 


363946. 4o 
956.39 
966.41 
976.44 
986.49 
996.57 

364006.67 
016.78 
026.91 
037.07 

047.34 
057.43 

364067.64 
077.86 
088.10 
098.36 

108.64 
118.93 

364129.34 
139.56 
149*90 
160.25 
170.62 
181.00 

364^9 I '40 
201 .80 
212.22 
222.66 
233.11 
243.57 

364254.04 
264*52 
275.01 
285. 5i 
296.03 
3o6.55 

364317.08 
337.62 
338.17 
348.73 
359.30 
369.87 

364380.45 
391 .04 
4oi.64 
412.24 
422.85 
433.46 

364444.08 
454.70 
465.33 
475.96 
486.59 
497.23 

364507.87 
5i8.52 
529.16 
539.81 
55o.46 
56i.i2 

364571.77 


Dur. 


9.99 
0.02 
o.o3 
o.o5 
0.08 
o.io 

O.II 

o.i3 
Oji6 
0.17 
0.19 
0.21 
0.22 
0.24 
0.26 
0.28 
0.29 
o.3i 

0.32 

0.34 
0.35 
0.37 
o.3a 
0.40 
o,4o 
0.42 

0.44 

0.45 
0.46 

0.47 
o.4b 

0.49 
o.5o 

0.52 
0.52 

0.53 
0.54 
0.55 
0.56 
0.57 
0.57 
0.58 
0.59 
0.60 
0.60 
0.61 
0.61 
0.62 
0.62 
0.63 
0.63 
0.63 
0.64 
0.6/ 
0.65 

0.64 
0.65 
0.65 
0.66 
0.65 


Deg.orPoraUel. 
English  Feet. 


DifT. 


299471 
8803 

8252 

7638 

7022 

64o3 

295782 
5i59 
4532 
3904 
3273 
12639 

292003 

1 364 
0723 
0080 

289434 

8785 

288134 
7481 
6825 
6167 
55o6 
4843 

284178 
35io 
2840 
2167 
1493 

o8i4 

280135 

279452 

8768 

8081 

7391 

6699 

276005 

5309 

4610 

3909 

3206 

25oo 

271792 

I08I 

0369 
269654 

8936 
8217 

267495 

6771 

6o44 
53i6 
4585 
3852 
263ii6 
2379 
1639 
0896 

0l52 

259406 
258657 


60 
09 
06 

49 
40 

80 
67 
o4 
90 
27 
i4 

52 

43 
84 

79 
28 

3o 

86 

97 
63 

85 

64 

99 
93 

44 
54 

23 
52 

4i 

91 
01 

75 

10 
09 

7' 

r, 

46 
68 
56 
i3 
36 
28 
89 

19 

'9 
90 

32 

45 
3i 
90 
22 
29 

19 
67 

00 

09 

96 

60 

o3 

25 


608. 5i 
611 .o3 
613.57 
616.09 
618.60 
621. 1 3 
623.63 
626.14 

628.  g:j 

63i.i3 

633. C2 

636. 10 

638. 5>! 

64i.<'5j 

643. £il 

645.9b 

648.44 

650.89 

653.34 

655.78 

658.21 

660.65 

663. 06 

665.49 
667.90 
670.31 
672.71 
675.11 
677.60 
679.90 
682.26 
684.65 
687.01 
689.38 

691.74 
694 .cS 
696.43 
698.78 
701.12 
703.43 
7o5 . 77 
708.08 
710.39 
712.70 
7 I 5 . 00 
717.29 
719.58 
721 .87 
724.14 
726.41 
728.68 
730.93 
733.19 
735.43 
737.67 
739.91 
742.13 
744 . 36 
746.57 
748.78 


376  Table   XII. — Lehotd  ok  \  Dborrk  op  Long.  . 


nir     ttM.oTMeniUiM.    „.-     Dcf.afPanlM.  i      ZTL' 


Li^lfc- 


/«■ 


1  3o.G5 
30.65 
3a.  63 

30.58 

3o.Si 

3o.^i 

I    3d.3i 

3o!o 
og.38 


98. SJ 
99.  a> 
^7j7 

1  97.10 
96.69 
36.  a4 

95:^9 

I  34.34 
93.69 
i3.ii 

=a.5o 
^,.87 

[    ao.55 

19.85 
19.13 

18.39 
17.63 


8.7 
7.69 
6.66 
5.60 


.  59. 9d 
58-74 

)  57.53 
56.  a8 
55.0a 
53.73 
59.4a 

'  49-7^ 


3554 
9.9993513 
9470 
3497 
a385 
9343 
33oo 
i},99933S8 


9047 

9.9999005 

1963 

"879 

.83; 

1705 

9.9991759 


9 .  999 1  i>o5 


9.9990759 
0718 
0677 
o637 
0596 
o556 

9.9990515 
047S 
0435 
0395 
o35S 
o3i5 


364571.77 

S89.43 

593.08 

603,73 

614. 3a 
6aS.o3 
364635.66 
640.33 
656.98 

678 . s6 

688.90 

364699.54 


731.43 
749.03 
75a. 65 

364763.35 
773 .85 
7S4.45 
795 ■o4 
8C.S.69 
816.19 

364636.75 
S37.31 
847.86 
858. 4o 
868. 93 
879-'S5 

364889.96 
900.46 
910.95 
991.43 

94a! 36 

3G49S3 . 80 

963.33 

973.65 

984.06 

994.45 

365oo4.83 

365oi5.3o 

oa5.55 

035.88 

o46.ao 

o56.5: 

066 . 79 

355077.06 

087 . 32 
107.78 


365i38.34 
148.49 
i5S.6i 


358657.: 
790C.L. 
7153.08 
6397.71 


3354.43 
s588.: 
1819. i_ 
1049.39 
0076.63 

949501.81 
8734.88 
7945.83 
7164. 66 
6381.39 
5596.01 

3448ad . 54 
4018.9a 
3337 . 34 
3433.63 
1637.^4 
0639 .  99 

340040-09 

330338. I 4 
8434. 
7628... 
68ao.o7 
6009 .  99 

335197.90 
4363. 80 
3567.70 
3749.60 

I107-46 

33o383.4a 
999457.49 
6699.45 
7799.54 
6967.67' 
6133.87 
935398. > 3 
4460.47 
3630 . 90 
3779.il 
1930.01 

330343! 54 
319394.47 
8543.54 
7690.73 
6836. 06 
5979.53 

3l5lEI.l6 

4360 . 9 5 
3398.9a 
iS35.o4 
1669.35 
sio8oi.g5 
309933.55 


750.99 
7S3.i( 
755.37 
767. 58 
759.7a 
761.)! 
764. ot 

76S.M 
770.53  ■ 
773.67 
774.8. 
776.93 
779.05 
761.17 
783.37 
76S.J8 
787.47 
789.56 
791.64 
793.7a 
79S.7B 
797. 8S 

SI?:? 


Siti.ld 
SiS.io 

Sai.«6  . 
6aiM 

eij.j: 

631.87 

835.7^ 

839. Sj 
8ii.i9 

847.18 
e49.11? 

859. ei 
854.67 
856.SJ 
858.37 


66a.E] 
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70.46; 
-3  -**l 

75.77I 
77-^3' 

79-:- 

^1.191 


83.30I 
83.071 
83.49 
S3. 56 

83.37 
83. 6i 


FOR  Cambridge  Observatory,  Lat.  42°  22'  48".6.    381 


Hoar 
Angle- 

Moon*8  true  Declination,  15<*.    | 

Moon's  tme  Declination,  SO**. 

Moon's  tme  Declination,  S5*. 

Hot! 
53' 

sontal  Parallax. 

57^      ev 

Horisontal  Parallax. 
53^          57^     1     6P 

HoriaoQtal  Parallax. 

53^     1     57^         6P 

Min. 

5 

lo 

i5 

20 
25 

3o 

«. 

3.59 

7.17 

10.76 

14.34 

17.91 

21.48 

7.73 
11.59 

i5.44 
19.28 

23.12 

«. 

4.14 
8.28 

12.41 
16.54 
20.65 
24.76 

a. 
3.69 

7.38 
11 .07 
14.74 
18.42 
22.08 

3.97 

7.94 
11 .91 
15.87 
19.83 
23.77 

4*26 

8.5i 

12.76 

17.00 

21 .24 
25.46 

3'.'83 
7.66 
11.48 
i5.3o 
19.11 
22.91 

«. 
4.12 

8.24 
12.36 

16.47 
20.57 
24.66 

4''4i 
8.83 

i3.24 
17.64 
22. o3 

26.41 

3d 
4o 
45 
So 
55 
6o 

25.  o3 
28.57 

32.10 

35.61 

39.10 
42.57 

26.94 
30.75 

34.55 

38.33 
42.09 
45.83 

28.86 
32.94 
37.01 
4i  .o5 
45.08 
49.08 

25.74 
29.38 
33.00 
36. 61 

4o.20 

43.78 

27.71 
31.62 
35.53 

39.41 
43.28 
47.12 

29.68 
33.87 
38.  o5 
42.21 
46.36 
So. 47 

26.70 

30.47 
34.23 
37.98 
41.70 
45.41 

28.74 
32.80 
36.85 
40.88 
44.89 
48.88 

bo.  78 

35.14 

39.47 
43.79 

48.09 

5:i.36 

65 
70 

75 
80 
85 
90 

46.  o3 
49.45 
52.86 

56.24 
59.59 
62.91 

49.54 
53.23 
56.90 
60.54 
64.14 
67.72 

53.06 
57.02 
60.94 
64.84 
68.70 
72.53 

47.32 

So.  85 
54.35 
57.83 
61.28 
64.69 

50.94 

54.74 
58. 5i 

62.25 
65.96 
69.63 

54.57 
58.63 
62.67 
66.67 
70.65 
74.58 

49.09 
52.75 
56.38 
59.98 
63.56 
67.10 

52.84 
56.78 
60.69 
«4.57 
68.42 
72.23 

56. 60 
60.82 
65.01 
69.16 
73.28 
77.37 

95 
100 
io5 
no 
ii5 
120 

66.21 

69.47 
72.69 

75.88 

79.03 

82.14 

71 .26 

74.77 
78.24 
81.67 
85.06 
88. 4i 

76.32 
80.08 
83. 80 

87.47 

91  .IQ 
94.69 

68.08 
71.43 

74.74 
78.02 
81.26 
84.46 

73.28 
76.88 
80.45 
83.98 

87.47 
90.91 

78.48 
82.34 
86.17 
89.95 
93.68 
97.37 

70.61 
74.09 
77.53 
80.93 
84.29 
87.61 

76.01 
79.75 
83.45 
87.11 
90.73 
94.30 

bi.4i 
85.42 
89.38 
93 .  3o 
97.17 
loi .00 

12D 

i3o 
i35 
i4o 
145 
I  So 

»5.22 

88.25 

91.24 
94.18 
97.08 
99.93 

91.72 

94.98 

98.20 

IOI.36 

104.48 

107.55 

98.23 
101 .72 

io5. 17 
108.55 
111  .89 
ii5. 17 

87.62 

90.74 
93.81 

96.84 

99.81 

102.74 

94. 3i 
97.67 
100.97 
104.23 
107.43 
no. 58 

101 .01 
I o4 . 60 

1 08 . 1 4 
III .62 
iiS.oS 
118.42 

90.88 

94.11 
97.30 

100.44 
103.53 
106.57 

97.  b2 
101 .3o 
104.73 
1 08 . 1 1 
111.43 
114.70 

104.77 
108. So 
112.17 
115.78 
119.34 

122.84 

1D6 
160 
170 
180 
190 
200 

I 02. 7 J 
io5.48 
110.82 
115.95 
120. 85 

125.52 

110. 56 
ii3.52 
119.27 
124.78 
I 3o . o5 
135.07 

11 8 . 4o 
121.56 
127.72 
133.62 
139.26 
144.63 

105.62 
108.45 
1 1 3 . 94 
119.21 
124.25 
129.05 

113.68 
116.72 

122.63 

128.30 
133.72 
138.87 

121.74 
124.99 
i3i.32 
137.39 
143.19 
148.70 

109.55 
112.48 
118.18 
123.65 
128.87 
133.84 

117.91 
121 .06 
127.19 
133.07 
138.69 
144. o3 

126.27 
129.65 
i36.2i 
142. So 
i48.Si 
i54.23 

210 

230 

23o 

24o 

2  So 
260 

129.9*4 
i34.ii 
1 38. 02 

i4i .66 
145.02 
i48.ii 

139.82 
i44.3i 

i48.5i 

l52.42 

i56.o3 
159.35 

149.71 
i54.5i 

159.00 

i63.i8 

167.05 

170.59 

133.59 
137.88 
141.90 

145.64 
149.10 
152.27 

143.76 
i48.36 
i52.68 
I 56. 70 
160.42 
163.82 

153.93 
158.85 

163.47 
167.77 

171.74 
175.38 

138.55 
143.00 
147.16 
i5i.o3 
1S4.62 
157.90 

149.10 
153.87 
i58.35 
162.51 
166.36 
169.89 

1D9.65 
164.75 

169.54 
173.99 
178.11 
181.88 

270 
280 
290 

3oo 
3io 

320 

150.91 

1S3.42 
iSS.63 
157.55 
1S9.16 
160.46 

162.35 
i65.oS 
167.42 
169.48 
171.20 
172.60 

173.80 
176.68 
179.22 

181.41 
i83.25 

184.74 

i55.i4 
157.72 
159.99 
161 .96 
163.61 
164.95 

166.91 
169.67 
172.11 
174.22 
175.99 
177.43 

178.68 
181. 63 
184.24 
186.49 
188.38 
189.91 

160.89 
163.55 
165.91 

167.94 
169.65 

1 7 1 .  o4 

173.09 
175.93 
178.48 
180.66 
182.49 
183.98 

ib5.3o 
188.36 
191.06 
193.38 
195.34 
106.92 

33o 
340 
3So 
d6o 
370 
38o 

161.40 
162.15 
162.53 
162.60 
162.37 
161.82 

173.67 
174.40 
174.80 
174.87 
174.61 
174.03 

i85.»7 
186.65 
187.08 

187.14 
186.85 
186.21 

165.98 
166.68 
167,07 

167.14 
166.90 
166.33 

178.52 
179.28 
179.69 
179.75 
179.48 
178.87 

191 .07 
191.87 
192.30 
192.37 
192.07 
191 .40 

172.10 
172.83 
173.23 
173.30 
173.04 
172.45 

i85.li 
185.89 
186. 3i 
186.38 
186.09 
185.45 

19O.12 
198. 9S 
199.39 
199.45 
199.14 

390 
4oo 
4io 
430 

160.97 
1S9.81 

173.09 
171.84 

185.21 
183.87 

165.45 
164.26 
162. 7S 
160.94 

177.91 
176.62 
175.00 
173.04 

I 90 . 37 
188.99 
187.24 
i85.i4 

171.53 
170.29 
168.73 
166. 85 

184.45 
i83.ii 
181.43 
i7q»4o 

197.37 
195.93 
194.13 

L 

882     Table   XYI. — ^Uoon's  Parallax  in   Declination 


Hoar 
Ansio. 


m. 

o 

30 

4o 

80 

100 
120 
i4o 
160 
180 

200 
220 
240 
260 
280 

3oo 

320 

340 

36o 
38o 


Moon'a  tme  DecUnatioii,  0*. 


Uoruontml  ParalUx. 


53' 


57' 


ev 


2160. I 
2160.0 
2159.8 
2169.3 
2i58.6 

2157.8 
2i56.8 
2i55.6 
2 1 54  •  3 

2l52.8 

2i5i .2 

2i49-4 
2i47*6 
2145.7 
2143.7 

2i4i .7 
2139.6 
2137.5 
2x35.3 


2325.2 
2325.1 

2324.7 

2324*2 

2323.4 

2322.4 
2321 .3 
2319.9 

23i8.3 
23x6.6 

23x4.8 

23X2.8 

2310.7 

23o8.4 
23o6.x 

23o3.8 
23oi .3 
2298.9 
2296.4 


2490.5 
2490.4 
2490.0 
2489.3 

2488.4 

2487.3 
2486.0 
2484.4 
2482.6 
2480.7 

2478.6 
2476.3 
2473.8 
2471.3 
2468 . 6 

2465.9 
2463.1 
2460.3 
2457.5 


Mooa*a  true  DeelinatioQ,  5**  N. 


53' 


Horizontal  Parallax. 
57" 


61" 


If  oon*s  tmo  DeeUi 


10"  X. 


IIortsoBUl  Panllai. 

i  Gl 


53"  I   57' 


1945.9 
1946.6 
X948.8 
1962.3 
1957.2 

1963.5 
1971 .0 
1979.7 
1989.6 

2000 . 6 

2012.5 
2026. 3 
2038.9 
2o53.i 
2067.9 

2o83.2 

2098 . 7 
21x4.5 
2i3o.3 


2094  >  7 
2095.5 
2097.8 
2101 .5 
2106.8 

21x3.5 
2121.5 
2i3o.8 

2i4i.4 
2x53.1 

2x65.8 

2x79.4 
2x93.9 
2209.1 
2224.9 

2241 .1 
2267.7 

2274.4 
2291 .3 


2243.6 
2244*6 
2247.0 
226 x.o 
2266.6 

2263.7 
2272.2 
2282.x 
2293.3 
23o5.7 

2319.2 
2333.7 
2349.1 
2365.2 
2381.9 

2399.1 
2416.7 

2434.4 
2452.3 


710.  J 
717.8 

722.4 
729.9 

740.4 

753.7! 

769-7; 

788.3 

809.4 

832. b 

858.2 
885.4 
914.4 
944.7 
976.2 


2008.7 
2o4 1 . 8 
2076.3 
2  X  09 . o 

2X42.6 


1847.7.  '975--'. 

1849.3  19S1.1! 

x854.2|  i<,'?C.:' 

1862.3'  ivji-^* 

1873.5.    2tVJ.'^ 


1887.6 
I 906 . O 
1926.0 

1947-6 

1972.6 

1999.9 

2039.x 
ao6o . X 
2092.6 
2126.4 

2161 .2 
2x96.7 

3233.6! 


2268.7;  '^'' 


2023.:; 
2o4o.:j 
2061.?! 

20^6. c^ 

2x13.7 

2Xil.?| 

2x73. VJ 

3306.1 

2240.^ 

2276.? 

23x3.9 

2j5x.7 


2  3o4.6,  2^06.7 


I  Ilonr 
!  Ancle. 

I 

I       m. 

o 

20 

4o 
60 
80 

xoo 

X20 

x4o 
160 
x8o 

200 
220 
24o 
260 

380 

3oo 


Moon's   Parallax  in  Declination 


Moon'a  tnie  Declination,  0< 


Horizontal  Parallax. 

53'    57'  I  61' 


2160. 1 
2160.0 
2169.8 
2169.3 
2x58.6 

2x67.8 
2x56.8 
2x55.6 
2x64.3 
2x62.8 

2x5i .2 
2149.4 
ai47.6 
2145.7 
ai43.7 

ai4i.7 

S139.6 

■137.5 

^.3 


2325.2 
2325. I 

2324.7 
2324.2 
2323.4 

2322.4 
2321 .8 

2319.9 
23x8.3 
23x6.6 

23x4.8 

23X2.8 

23xo.7 

23o8.4 
23o6 . I 

93o3.8 
930I.3 
SS98.9 


2490.5 

2490.4 
2490.0 
2489.3 
2488.4 

2487.3 
2486.0 

2484.4 
2482.6 
2480.7 

2478.6 
2476.3 
2473.8 
247X.3 
2468.6 

2466.9 
2463.1 
2460.3 
2457.5 


Moon's  true  Declination,  5*^  S. 


Horizontal  Parallax. 


53' 


57' 


61 


Moon'a  true  Drrlinai:on.  VS. 
Iloritontal  Parallax. 

53'  I  57'    61- 


2367.3 

2356.4 
2353.8 
2349.3 
2343.x 

2335.2 
2326.6 
23x4.6 

23o2. X 

2288.2 

2273. I 
2266.9 
2239.7 

2221 .7 
2203.0 

2183.7 

3x64.0 
2x44. X 


2637.3 

2636.3 

2633.4 
2628.5 
2621 .7 

25x3.1 
2602.8 
2490.8 
2477.2 
2462. I 

2445.8 
2428.2 
2409.5 
2389.9 
2369.6 

3348.7 
2337.4 
33o5.8 


27x7.4; 
27x6.41 
27x3.2 
2708.0 
2700.7 

269X .4 
2680.2 
2667.2 
2662.5 
2636.2 

26x8.6) 

2699.61 

2579.4; 

2558.31! 

2536.411 

25x3.8 
2490.8 
2467.5 


2536. I 

2534.4 
2629.3 
2620.9 
2609. I 

2494.2 
2476.3 
2455.5 
243x .9 
24o5.^ 

2377.4 
2346.9 
23x4.5 
2280.6 
2246.3 

2209.0 
2X7X .9 


-  J -y •- 
2 72 7. 6 

2722. I 

2712.1; 

2700.2 

2684. 1 1 

2664.7 
2642.:: 
26x6.7 

26S8.5 

'>5S-*  - 

2524.7 

24^9.7 
2453.0 

a4i4.9 


29::  .-.0 

29iS.n 
2905. * 

2*yX.t 

t 

««-  •   ^ 
--  ,.♦•- 

2f2C.X" 

•     '      1 

2  V' 1.71 

2  —  X.* 

'  •         I 

"-3^.: 

*•  »     •  •  J , 
2^'0.^ 

2V25.'5 

2r>?*i.?. 


2375.7    s5.^3..« 
3335*7    2499*3 


FOR   Camdridge  Obbbrvatoey,  Lat. 


MoOD'.trugb.'diTin 

on, 15'  N, 

Mi»i>'.  tn 

«  Deplk>llon,  id'  tt. 

Moon'*  tniF  DEcLinBiian.  ii-  N. 

unlil  FanUu. 

JloriMnimJ  Pmmlu. 

lljiir 

53'     1     57' 

61' 

53' 

57' 

61' 

53'     t      57-          01' 

~T 

1473.3 

1530. 0 

1699.0 

1218.3 

i3i[.7 

i4o5.2 

953.6 

ib'C       iKo  a 

1475.5 

1538.5 

1701.7 

1321.4 

.3i5.o 

i4oS.8 

957.  c 

103..1    iic.4.7 

ia 

1483.4 

.595.9 

1709.7 

■330.7 

.335. 0 

1419-5 

969." 

,043.1 

i.ie.o 

63 

1493-9' 

i6o3.; 

1733.9 

1246. 0 

i34i.5 

1437.= 

988. 

1064.1 

ii4o.i 

60 

.shJ 

1635.4 

.74..^ 

1367.4 

1364.5 

.461.6 

1014. £ 

1093.- 

1170.7 

IDO 

■530., 

1647.2 

.7G4.6 

,394.5 

.393.6 

1493. c 

io48. 

1129.0 

1=09.6 

1554-5 

1673.5 

1793.7 

.327.1 

.428.8 

.53o.C 

.089. 

..72.8 

13^6.5 

i4o 

1583.9 

.704.0 

1335.3 

.365.1 

1469.6 

.5,4.; 

1136. 

1323.6 

.3.0.9 

■  Co 

iGiB.o 

.733.5 

1S63.3 

1408.0 

i5i5.6 

i6H3.t 

u89.( 

1381.1 

1373.5 

180 

i65u.fi 

[776.7 

1903.1 

1455.6 

1566.9 

1678. £ 

.249. 

.344.8 

1440,7 

aoo 

i6Sg.3 

18.8.3 

.947.6 

,lo,.3 

1633.6 

1738., 

i3i3.e 

i4i4.a 

i5.5,o 

aao 

1730.9 

1863.0 

1995.3 

.562.9 

1682.3 

iSoa.c 

I3S2.7 

1488.6 

1554.7 

a4o 

.775.0 

19.0.4 

3045.9 

.62..^ 

1745.7 

iee9.f 

.456. 

.567.5 

1679. a 

36a 

1811. 3 

1960.0 

T,fi?i 

1683.7 

1813.7 

.94o.e 

.533. 

i65o.3 

.767.8 

aSo 

.869.3 

301 1. 6 

1747.9 

1881,3 

2014.7 

.6.3.1 

i;36.3 

.659. S 

3oo 

1918.8 

ao64.7 

1814.; 

.953.3 

aoon.e 

1695.4 

1824.6 

.954.4 

33a 

1969.3 

3„8.9 

2268.6 

1881.6 

2034.8 

3168.1 

1779.5 

19.5.2 

3o5l.O 

340 

3020  J 

S173.7 

2327. 1 

1949.9 

3098.2 

3346.5 

1864.6 

S006.6 

3.48,8 

36o 

3071.7 

3S38.8 

3385.0 

3S.8.6 

3.71.9 

3335.3 

1950.1 

3098.4 

3346,.. 

38o 

3383.7 

3444.5 

3087.. 

3345.4 

24o3.8 

2035.3 

2.90.0 

3344. t 

ioo 

2l73'.( 

a338.o 

3502.5 

2.54.8 

33iS.i 

348. .4 

2LI9.7 

33S0.6 

244. .0 

43  0 

2331.4 

3389.5 

3557.6 

3303.5 

3369.5 

3536.! 

440 

2283.2 

3456.1 

3620.' 

'OR   Cambbi 

DOE    0 

USEBV 

ATORY,   Lat 

43^  32'  48".fi. 

'Moon'.cr 

u=tlrcll„.Hon,30-S. 

Moon's  irue  UccltiiaElan,  U°  fi. 

I'Zl 

53'     I      57' 

61' 

53"°' 

""sV" 

1.x, 

61' 

53'    1     57'    1     CI'      ■ 

"0 

.694.9 

3900.1 

3io5.6 

383a. 8 

3o48.3 

3263.6 

3948.6 

3,;3.5 

3396.1 

=695.5 

3102.7 

3839.5 

3044.7 

3260.1 

2944.6 

3.68.2 

3392.1 

io 

3685. 0 

3889.4 

3094.0 

38.9.8 

3o34.2 

3248.8 

=93^.7 

3i55.4 

33?8.. 

60 

3673.7 

2S76.1 

3079.7 

3803.8 

3016.9 

333o,2 

39.3.0 

3i34.i 

3355.: 

80 

a655.6 

3357.6 

3059.9 

3781.4 

3992.7 

3304.3 

2835.6 

3io4,5 

3333. ( 

Itm 

3033. 9 

2B34.3 

3o34.6 

37S3.0 

3963,1 

3.71.3 

285o.8 

3067.0 

3a83.3 

2607.- 

2805.9 

3oo4.3 

3718.8 

2935.1 

3i3i.6 

3osi,7 

3334.7 

i4o 

3577.3 

3773.0 

3968.9 

3679.1 

3882.2 

3o85.5 

3760:. 

2969.1 

3.78.= 

160 

3543.9 

3735.9 

3938.9 

3634.1 

2833.7 

3o33.4 

2705.0 

2909.7 

3.14.4 

180 

3S04.8 

3694.7 

3884.? 

3584.3 

37S0.0 

3975.7 

3643.9 

=843.8 

3043.7 

300 

a463.3 

S649.B 

3836.5 

3530.1 

3731.5 

3913.9 
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l\l 
8     5 
7  58 

9  r,|9  i 
g     8,9  ae 
8  S8j9  16 
8  49'9     5 
8  4o,8  54 
8  3118-45 
8  fl38  36 
8  .5  8  27 

8   a|8  .9 

'9  53 
9  39 
9  a5 
9   i3 

^51 
8  4j 
8  32 

10  ^ 

10  'b 
9  5, 
9  3; 

9     E2 
9        9 

8  5s 
8  47 

'9 

i9 
'7 
16 
i5 
i4 
13 

b07 
5  54 
G  5i 
Q  48 

5  45 

6  43 
6  39 
6  36 
6  33 
6  3o 

7  1 
6  58 

8  -55 
S  5i 

5  48 
B  45 

6  4a 

6    3n 

6  3(3 
6  33 

7     I" 

7  " 

8  59 
6  55 
6  53 
S  48 
8  45 

5  4a 

6  38 
6  35 

u 

6  5G 
6  53 
6  48 
6  45 
6  4. 
6  38 

7  '7 
7  '  = 
7     8 
7    4 
7     0 
6  56 
6  ia 
6  4S 
6  44 
6  4o 

7  33 
7   'S 
7   '3 
7     9 
7     4 

5  56 
B   Sa 

s  47 

6  43 

7  9 
7  4 
7  0 

6  55 
e  5i 
6  46 

7  35  7  43 

7    3o  7   37 
7  a5  7  3i 
7    .97   35 

7  '4)7  BO 
7    97  14 
7479 
6  597    4 
6   55  6  59 
6   5o6   5i 

li 
]  I 

S   58 

7  5: 
7  46 
7  4" 
7  33 
7  i"? 
7  ao 
7   '4 
7     8 
7     2 

H    11 

8     3 
7  55 
7  48 
741 
7  34 
7  37 

7    30 

7   '3 
7     7 

8  i4 
8     5 
7  57 
7  49 
7  4a 
7  34 
7  =7 
7  20 

7     13 

8  ^6 
8  26 

VI 

1 1', 

7  4^ 
7  34 

7   36 
7   '9 

9 

H 
7 

e 
5 

4 
3 

I  N. 

6.7 
C  a5 
e  33 

lit 
C  i4 

5     M 

5  6 

6  5 
6     3 

6  a3 
6  ao 
6   iS 
6   i5 

6     13 

6     9 
6     6 
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6-ta 
6  a8 
6  35 
6  aa 

?;i 

S   i3 

5  9 

6  6 
8     3 

8  34 
8  3. 
S  37 

5  a4 
8  ao 
8   17 

6  i3 
6   10 
6     7 
6     3 

5  3? 

6  3: 

6    3i 

li 

6  i4 
6   11 
6     7 
6     4 

6   396  43 
6  35j6   38 

5  3i 0   33 

6  =76  ao 
6  336   a! 
6   iJe   31 
6   i56   17 
6   ia6   13 

5  86     8 

6  j16     4 

6  4b'6  4o 
6  4i  6  44 
6   36  6  39 

6   3i  6  34 
6  37  6  39 
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6   i36  i4 
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e  Vg   5 

6  5a 

til 

6  36 
6  3i 

6  36 
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6  10 
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5  3^ 
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6   11 
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5  36 
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6  49 

6  il 
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6  sS 
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6  i4 
6     7 

1  S. 

3 
4 
5 
6 
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9 

5  57 

til 

til 

5  44 
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5  45 
5  4a 
5  4o 
5  37 
5  34 

(i     0 
5  57 
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5=7 
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III 
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3  33 
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5  16 
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To  convert  English  Inches  into  Milhmetera. 


SSSJi 


MUUm- 
etera. 


EnglUh 
Inches. 


MUlim- 
eten. 


2.54 

5.08 

7.62 

I  o .  I G 

12.70 

1 5. 24 
17.78 
20.32 

22.80 

25. 4o 

37.94 

3o.48 
33.02 
35.56 
38. 10 
4o.64 
43.18 
45.72 
48.26 
5o.8o 

53.34 
55.88 
58.4a 
60.96 
63. 5o 
66.  o4 
68.58 
71.12 
73.66 
76.20 

78.74 
81.28 
83.62 
86.36| 
88.90 

91*44 
93.98 
96.5 
99.06 

01 .6o| 

o4.i4 
06.68 
09.22 
11.76 
i4.3o 

16.84 
19.38 
21.92 
24.46 
27.00 

29.54 
32.08 
34.62 
37.16 
39.70 

43.84 

44.78 

47.32 


D.9 

6.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
7.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 

.8 

•9 
8.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
9.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
10. o 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 

II. o 

.1 
•  a 
.3 

.4 
.5 
.6 


49.86 
52. 4o 

54.94 
57.48 
60.02 
62.56 
65. 10 
67.64 
70. 18 
72.72 
75.26 
77.80 
80.34 
82.88 
85.42 
87.96 
90.50 
93.04 
95.56 
98.12 
200.66 

203.20 

2o5 . 74 

208.2b 
210.82 

213.36 
215.90 

218.44 
220.98 

223.52 
226.06 
228.60 

23i .14 
233.68 

236.22 

238.76 

24i.3o 
243.84 

246.38 
248.92 
25 I. 46 
254.00 
256.54 
259.08 
261 .62 
264.16 
266.70 

269.24 
271.78 
274.32 
276.85 
279.39 
281 .93 

284.47 
287.01 
289.55 
292.09 
294.63 


English 
Inches. 


MlUim- 
etera. 


II. 7 

.8 

•9 
12.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 

•9 
i3.o 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
14.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

i5.o 
.1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
16.0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
17.0 

•  I 

.2 

.3 
.4 


297.17 
299.71 

302.2£ 

3o4.7(, 
307. 83 
309.37 
3i2.4i 
314.9^ 
317.49 
320.  ol' 
322.5; 
325.11 
327.65 
33o.  i(y 
332.73 
335.27 
337.81 
340.35 
342.8c 
345.43 

347.97 
35o.5i 

353. o5 

355.59 

358.13 

360.67 

363.21 

365.75 

368. 29 

370.83 

373.37 

375.91 

378.45 

380.99 

383.52 

386.07 

388.61 

391.15 

393.69 

396.23 

398.77 

4oi .3i 

4o3.85 

406.39 

408.93 

411.47 
4i4.oi 
416.55 
419.09 
421.63 

424.17 
426.71 
429.25 
431.79 
434.33 
436.87 

439.41 
441.95 


EuiElish 
Inches. 


Millira- 
eters. 


17.5  444. 4v 

.6  447. Ow 

.7  449.57 

.8  452.11 

.9  454.65 

18.0  457.19 

,1  459. 7I 

.2  462.27 

.3  464.81 

.4  467.35 

.  5  469 . 8(, 

.6  472.4- 

•7  474.97 

.8  477.51 

.9  480. o5 

19.0  482.59 

.1  485.1: 

.2  487.67 

.  3  490 . 2 1 

.4  492.75 

.  5  495  .  2€^ 

.6  497.83 

.7  500.37 

.  .8  502.91 

.9  5o5.45 

20.0  507.99 

.1  5io.53 

.2  5 13.07 

.3  i5i5.6i 

.4  5i8.i5 

.5  520.69 

.6  523.23 

.7  525.77 

.8  528.31 

.9  530.85 

21.0  533.39 

.1  535.93 

.2  538.47 

.3  541.01 

.4  543.55 

.  5  546 . 09 

.6  548.63 

.7  551.17 

.8  553.71 

.9  556.25 

22.0  558.79 

.1  56 1. 3'^ 

.2  563.87 

.3  566. 4i 

.4  568.0 

.5  571.4 

.6  574.03 

.7  576.57 

.8  579.11 

.9  581.65 

23. o  584.1 

.1  586.7 

.2  589.27 


English 
Inches. 


MiUim- 
ctcrs. 


Enfrliffh 

ll  lllCH. 


Millim- 
rtirs. 


23.3  ;o(yl  .bl 

.4  '594. 35 

.5  i596.8(^ 

.6  ;599.4^ 

.7  I601.97 

.  8  6o4 . 5 1 

.9  607.05 

24.0  609.59 

.1  612.1!: 

.2  614.67 

.3  617.21 

.4  619.75 

.5  622. 2( 

.6  624.8? 

.7  627.07 

.8  629.91 

.9  632.45 

25. o  634.99 

.1  637.5:- 

.2  640.07 

.3  642.61 

.4  645.15 

.5  647. C9 

.6  65o.2u 

.7  652.77 

.8  655. 3i 

.9  657.85 

26.0  660.39 

.1  662.93 

.2  j665.47 

.3  [668.01 

.4  670.55 

.5  673.09 

,6  1675.6! 

.7  678.17 

.8  680.71 

.9  683.25 

27.0  685.7c 

.1  688. 3i 

.2  690.87 

.3  693.41 

.4  695.95 

.5  698.49 

.6  701.0c 

.7  703.57 

.  8  706 . 1 1 

.9  708.65 

28.0  711.19 

.1  713.73 

.2  716.27 

.3  718.81 

.4  1721 .35 

.5  723.8c 

.6  726. 4!"' 

•7 
.8 

•9 
29.0 


728.07 
731. 5i 
734.051 
736.59 


Li^ .  1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
3o.o 

.  1 

.2 

.3 

.4 
.5 
.6 

•7 
.8 

•9 
3i  .0 

.1 

.2 

.3 

.4 
.5 
.6 

•7 

.8 

•9 

32. o 

.1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
33.0 

.1 

.2 

.3 


9 


i3 
1741.67 
7/4.21 
746.75 

7/9-29 
751. 63 

754.37 

756.91 

759.45 

761.99 

764.53 

767.07 

769.61 

772.15 

774.69 

777.23 

779-77 
762. 3i 

784.65 

787.39 

789.93 

792.47 
795.01 
797.55 
800.09 
802. 63 
8o5. 17 
807.71 
810.25 
812.79 
8i5.33 
817.87 

820.41 
822.95 

825.49 
828.03 
830.56 
833. 10 

835.64 
838. i^ 
840.72 
843.26 
845.80 


rronoitkmal 
Hurts. 


1  llXll^h 
Inchrs. 


o.oi 
0.02 
o.o3 
o.o4 
o.o5 
0.06 
0.07 
0.08 
0.09 

O.IO 


Mlllim- 
ettra. 


0.254 

o.5o8 
0.762 
1. 016 
1.270 
1.524 
1.778 

3.032 
2.286 
9.540 


One  EDgUflh  inch  equils  35.39954  im!i^iQ&\At». 
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Part  I. 
Argument,  the  observed  Height  of  the  Barometer  at  either  Station. 


InehM.i      Feet. 


Viff. 


.1) 
.  1 
.2 

.3 

.4 

.5 
.6 

•7 
.8 


2.0 
2.1 
2.2 
2.3 

2.4 

2.5 
2.6 

2.7 

2.8 
2.9 

3.0 

3.1 

3.2 

3.3 
3.4 

3.5 
3.6 
3.7 
3.8 
3.9 

4*o 
4.1 
4.2 
4.3 
4.4 

4.5 
4.6 

4.7 
4.8 

4.9 

5.0 
5.1 

5.2 

5.3 
5.4 

11 


1390.91  3g    A 

2^?9-9!23o.2 
233o. I 

3553  3228.2 

343 1. 6i 

,-_^       '218.6 

3887.0:'?     I 

.        '       ,2l5.0i 

4526.9.  I 


Inches.       Feet.     1    Diff. 


4736.7=:9-S 
5559.7!*°^-^ 


5761 .4 

5961 .6. 
6160.3, 
6357. 5| 

6553.2: 

6747.5 
6940.3 
7131.7 
7321 .7 
7510.3 

i 
7697.6 

788 i. 6 
806S.2' 
8251.5" 
8433.6 


201 


8614.4 
8794.0 
8972.3 
9149.51 
9325.5; 

9500.3 

9673.8 

9846.2 

10017.5 

10187.7 

to3S6.8 

io5i4.8 

B6of.B 

^1 


200. 
98.7 
97.2 
95.7 

94.3 
92.  a 

91.4 
90.0 
83.6 

87.3 
86.0 
84.6 
83.3 
82.1 

80.8 
79.6 
78.3 
77.2 
76.0 

74.8 
73.5; 

72.4 
71.3 
70.2 


69.1 
68. ol 
67.0 
65.9 
64J 

Aft  Al 


6.0 

6.,; 

6.2 

6.3' 

6.4 


6.5 
6.6' 

6.7: 

6.8:' 

6.9! 
7.0 

7.I1 

70' 
•-i 
7.3. 

7.4 


7.5; 

7-6; 

7-7i 

7.8| 

7-9 

8.0 

8.1 
8.2 
8.3 

8.4- 

3.5' 
8.6 

^•7; 

8.8_ 
8.19 

9.0 
9-1, 

9.2' 
9.3 
9.4 


9.5 
9.6 

9-7' 
9.8: 

9.9; 


20.0. 
20.1. 
20.2! 
20.3 
20.4 

ao.5 

30.6 

ao.7 
90.8 
ao.9 


1186.3 

1349.1 
i5io.9 
1671 .7 
i83i.5 

1990.3 
2148.2 
23o5. 1 

2461 .0 

2616. 1 

2770.2 
2923.5 
3075.8 
3227.3 
3377.9 

3527.6 
3676.5 
3824.5 
3971.7 
4ii8.o 

4263.6 

4408 . 3 
4552.3 

4695.4 
4837.8 

4979.4 
5i2o.3 
5260.3 
5399.7 
5538.3 

5676.2 
58i3.3 
5949.8 
6o85.5 
6220.5 

6354.8 
6488.5 

6621 .4 
6753.7 
6885.3 

7016. 3 
7146.6 
7276.3 

7405 . 3 
7533.7 

7661 .4 
7788.6 
7915. I 
8o4 I . o 
8166.3 
8*91  .o\ 


62.6 
61. b 
60. b 
59.  fc 

58.6 
57.9 
56. (, 
55. c, 
55.1 

54.1 

52.0 

5i.5 
5o.C 

49-7 
48.9 

48.0 

47.2 

46.3 

45.6 

44.7 
44.0 

43.1 

42.4 

4i.6 
40.9 
4o.o 

39./<! 
38. C 

37.9 
37.1 
36.5 
35.7 
35.0 

34.3 
33. 7| 
32.9 

\J  mm  m   *J 

3i.CJ 


Inches. 


3 1 .  Oj 
30.31 
29 
29.0 

28.4 

27.7 

27.2 

26.51 

25.9 

a5.3 

a4.7 


21 .0 

21 .1 

21 .2 

21 .3 
21.4 

21 .5 

21 .6 
21.7 
21.8 


Feet.      I   Difl.    >  Inches.       Ytr^ 


Diff 


IO29I .0 

i84i5.i 
18538.7 
18661.6 
18784.0 

18905.6 
19027.0' 

19147.7! 
19267.8' 
21.9  19387.4 

22.0  19506.4' 

22.1  19624.9! 
22.2I19742.9I 

22.3  19860.3 

22.4  19977.2 

22.5  30093.6 

22.6  20209. 4j 
2a.7i20324.8j 
22.8*20439.6 
22.9*20554.0 

■23.0.20667.8' 
23.1  20781. 1 1 

23.2  20894.0 

23.3  21006. 4i 

23.4  21118.3 

23.5  21229.7 

23.6:2l34o.6 

23. 712 145 1. 1 ; 
23.8,2i56i  .1. 
23.9*21670.6 

24.o'2i779.7' 

24.1I21888.4 
24.2121996.6 
24.3  22104.3 
24.4I22211 .6, 


24.5;223i8.4 

24.6j22424.8 

24.7j2253o.b. 
24.8;22636.4 
24.9122741 .5" 

25.o'22846.S 
25. 1I22950.6 
25.2|23o54.4 
25.3I23157.9! 
25.4*23261 .0 

I 
25.5123363.6 
25.623465.9 


a5.7 
25.8 
25.9 


23567.7 
23669.2: 
23770.3' 


'■   20.0  ::jb7i  .0 


^^•;i  26.123971.3"^^-^ 

::-V|;  26.324170.7  ^^•; 


21.6: 


26.4  24269.? 

i 

26.5  2436S.f 


S-- 


"'•*;   26.6  24467.0  ^    - 

:^''|  26.7'24505.i  ^  •! 

;^-?!i  26.624662.-  ^■•; 

^  26.9  247C0.0  ^' 


O     _i!    */  •  I  -.49JJ.C        c  , 


8.C 

7.4; 


27.2  20049. ^  ^^'" 

6.1  y  ,.'*.'  95.3 

^  ;  -27.4  23241.2    ^ 


^•^■-  27.9=57.5.7  *-•' 

28.0  25S07.J   V- 

•  CO    ** 

28. 1  25coo.3   ^  'I 

28.2    25993.1      ^**t 

28.3;26€.!j5.6   ^;*j 
28.4  26177.7   ^*' 


3.8 

3.3!i 

2.4| 


\'^\   28.526269.6  ^^'\ 
°"?li  28.6  26361.1    5'- 


^•^1  28.726452.5  «*- 

^•*''    28. H  =6543.=  ^•!? 

28.9'266i3.:  ^'^ 

29.0  26724.0  ^' 

29.1  26M3.9  ^\ 

29.2  26903.5  ^'- 


09. 5j 

09 . 1 1 

08. 7j 
08.2 


07.7 
07.0 


29.32699a.-   ^'\ 
29.4  370*1.9    *^' 


o6.8.i 
06 
06 

o5.6 
o5. 1 


•■  6*.: 


.4  =9-^;^'r-*  «^ 

.0    =9-6  27=59.0-    J 
!   29.727547.1     ^  4 

;  =9.«,»7434.c- ;';: 

I  29.9  27522.5-     ' 


oa.6j 
oa.3 
01.8 
01 .5 
01 .1 
00. 7I 


'j^ Ti6.o\^^ftTi.or    ^^1 


30.4  2795D.7 

'  ''  65.5 

30. 5  3804 1.5    ge'I 

30.6  38137. ii  gSai 
3o.7'38aia.3j  ««'  < 
3o.8;a8397.3»  fT, 
3o.9|ad38a.o   ~V 
3i.oa8466.4 
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Past  IT. 
)r  the  Difference  of  the  Temperatnrea  of  the  BarometeTs  at  the  two 


Tk, 

eerrteti 

n 

.  Negative  whtn  tht 

at  the  upper  ilalum  it  loaal, 

aii4 

Vic 

KTti. 

W- 

Cqum- 

^ 

'^™.''" 

r-^T'. 

Hon. 

T-r. 

"^C" 

T-T, 

"r' 

T-T'. 

CortH- 

F»l 

F=e.. 

fSuT 

FHt. 

"mr 

fib't. 

Fe«. 

3.3 

J4'' 

33.8 

37" 

63.2 

40° 

g:i.6 

53" 

134.1 

bb-^ 

154-5 

i 

7 

i5 

35.1 

38 

65.5 

4: 

^6.0 

54 

I3G.4 

67 

i56.8 

7- 

16 

37.5 

39 

67.9 

43 

98.3 

55 

68 

159.2 

9 

i 

'7 

39.8 

70.3 

4'i 

100.7 

56 

i3i.i 

69 

161.5 

7 

18 

42.1 

73.6 

44 

io3.o 

57 

133.4 

70 

tG3.9 

6 

i4. 

'9 

44.5 

74.9 

45 

io5.3 

58 

i35.8 

7' 

166.3 

7. 

16. 

4 

46.8 

33 

77.3 

46 

107.7 

59 

138., 

73 

168.6 

8 

i8. 

7 

31 

49-  = 

34 

79-6 

47 

60 

140.4 

73 

170.9 

9 

5i.5 

35 

8.-9 

48 

"a!4 

61 

i4a.8 

74 

173.3 

33. 

4 

33 

53.8 

36 

84.3 

49 

ri4.7 

63 

145.1 

75 

175.6 

i5. 

8 

34 

56.3 

37 

86.6 

5o 

117.0 

63 

.47-5 

76. 

;n:? 

aS. 

35 

58.5 

38 

89.0 

5i 

119.4 

64 

149.8 

77 

i3 

3o.4 

3G 

60.9 

i5_ 

91.3 

5a 

.a..7| 

65 

■  5a. 3 

78 

189. 6 



Part  III. 

Part 
IV. 



Correction  due  to  the  Change 

of  Gravily  from  the  Latitude 

11  g 

Part  V. 

of  45°  to  (he  Latitude  of  the 

Place  of  Observation. 

Correction  due  to  the  Height  of  the 

Poiilivc/romUl.O"  loiS": 

1^1 

lower  Station. 

Negaiivi  from  Lai.  45°  to  90". 

III 

0^ 

Alicaya  Posithe. 

T 

Liiliude. 

IlFlebl  arfiinniolfl'  u  lower  Slstloa. 

X 

Oo  1  10° 

d0o|80o 

20o|30o   4 
70o|60a|5 

^- 

.a 

.e 

.a 

J- 

1 

_LI_ 

1 

.3 

"KST 

F^ 

iw: 

F«:t.    V. 

STTST 

Foti, 

FnT 

FiiT 

Ful. 

Tm 

Fori. 

F«r 

F«., 

jj.e 

3.5 

1.3    0 

5      0 

a. 5 

1. 6 

1.3 

o.6| 

0.4 

5.3 

5.0 

4.1 

5.6     0 

9      0 

5.3 

3. 

a. 5 

0.7 

3ooo 

7-9 

7.5 

6.1 

4.0     I 

4     0 

7-9 

4.1 

3.8 

3ooo 

4ooo 

ia.6 

S.I 

5.3    1 

8      0 

10.8 

6. 

5.1 

3. 

1.; 

4  000 

Sooo 

,^2 

13.4 

6.6    3 

3      0 

13.7 

7.S 

6.4 

3. 

1.8 

o.k 

5ooo 

6ooo 

■.l:l 

U.9 

13.3 

7.9   a 

8      0 

16.7 

^■'i 

7.6 

4. 

3 

3.1 

l.t 

6000 

7000 

<7-4 

14. a 

9.3   3 

19.9 

,o1 

5. 

3 

3.5 

1.2 

7000 

Sooo 

Ji.a 

'9-9 

lfi.3 

.0.6   3 

7      ° 

23.: 

6. 

8000 

9000 

t3.8 

^3.4 

18.3 

...9    4 

26.4 

i4. 

11!; 

6. 

3.3 

lOOOD 

)6.5 

^4-9 

30.3 

13.3    4 

6      0 

39.8 

i5. 

13.7 

7- 

3.5 

■•7 

IIOOO 

19.1 

17-4 

33.3 

14.6    5 

,1      0 

33.3 

'T- 

i4.o 

8. 

6 

3.9 

l.t 

11000 

3i.« 

39.9 

34.4 

1S.9    5 

.5     0 

36.9 

IS.* 

i5.3 

9- 

6 

4.3 

iSooo 

U.J 

33.4 

36.4 

.7.a    6 

40.6 

10. 

(6.5 

7 

4.6 

:3ooo 

Ijjooo 

17.1 

34.9 

28.4 

18.5    6 

!4      0 

44.4 

31. 

■  7.8 

10. 

I 

4.9 

2.3 

.4000 

tSooo 

(9.7 

37.3 

30.4 

19.9   6 

.9     0 

48.3 

33. 

ig.l 

5.3 

3.5 

i5ooo 

16000 

i=.4 

39.8 

3a. 5 

31. a    7 

.4     0 

53.3 

i5. 

ao.3 

8 

5.6 

2.7 

17000 

15.0 

4a. 3 

34.5 

33.5    7 

.8     0 

56.4 

26. t 

31.6 

[3. 

9 

6.0 

3.8 

18000 

17-7 

44.8 

36.5 

23. S    8 

.3     0 

60.5 

38. 

32.9 

iS 

.3.8 

9 

6.3 

3.C 

19000 

So. 3 

47.3 

38.6 

aS.s    8 

.7     0 

64-8 

29. 

a4.. 

'9 

.4.« 

6.7 

3.2 

19000 

53. 0 

49.8 

49.6 

26.5   5 

69.3 

3i. 

35.4 

i5.4 

7.0 

3.3 

aiooo 

55.6 

53.3 

42.f 

a7.-a    1 

■7     a 

73.6 

33. 

36.7 

16. 

7-4 

3.5 

3I0D0 

»oo^ 

58.3 

54.8 

44. 

39.1  10 

78. a 

34. 

38.0- 

.«., 

7-7 

3.7 

aSooo 

30.9 

57.3 

46. 

3S.51C 

!s    « 

83.9 

36. 

39.3 

23 

17. 

8.1 

3.S 

3^000 

S3. 6 

59.8 

49. 

3f.8r 

87.6 

^7- 

3o.5 

a4 

a 

18. 

:3 

8.4 

4.0 

:4ooo 

sSooo 

SQ.a 

6t.3 

5o. 

33,1  1 

.5      0 

9a. 5 

39^ 

3i.8'a5.a 

.q.al,l3.8',ft.ftVlk.-vVw«^ 
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-tJti.*  ^ 

JdDHT 

«hDur 

•w.Dlg 

Put! 

—"—"«■         1 

Mtaff 

WDlff, 

tth  DIK 

Mhiho: 

(,/-l..^i 

i..r— 1 

T 

'•zltzl 

l...t~t. 

■Id." 

liSi 

T  T 

~r- 

T' 

riDK. 

-.^ 

.□ooai 

.oooBi 

>.5i 

-..3io5 
..9480 

— -00043 

.aaSii 

■.ooo<;s- 

.00157 

.00165 

.o«oi6 

.51 

.oooSS 

.oa34o 

:^ 

'.oZ 

.t>US5 

.ooaaS 

.O0346 

.DO013 

.53 

..3455 

.ooiaS 

.oa334 

.oj 

■ztn 

!oo3SS 

.oo3a6 

.ooo3o 

.54 

■laiao 

.00166 

.<»3.7 

:r? 

.oS 

.oa4o5 

.00036 

.55 

..337S 

.D0306 

.m3iS 

.06 

.osSso 

.004.4 

.00483 

.00043 

.56 

.ia330 

.00346 

.oa3o6 

.oooag 

:S 

.03a5) 

.00467 

.oo56o 

.ooo48 

il 

..aa55 

.00186 

.03393 

.ooo3« 

.o36So 

.oo5i5 

.oo636 

.00053 

.13.80 

.00335 

.03.78 

.00O36 

.09 

.o4oo5 

.oo56o 

.00711 

.oooSS 

.59 

.00363 

. 03360 

.00041 

.045^ 

.00600 

.00784 

.00063 

.60 

'la^o 

.004 00 

.oaa4a 

.o:i»45 

.tt 

:illl 

.00636 

.00856 

.00067 

.6. 

:;;;i= 

.oo436 

.03318 

.00049 

.00669 

.00917 

.00070 

.6a 

.0047. 

.0,194 

.ooi^ 

!i3 

.eUSS 

.0069; 

.00996 

.000 74 

.63 

..i65S 

.oo5o5 

.03169 

.OOOS6 

.■4 

.eOMO 

.oo^ij 

.01064 

.00077 

.64 

...Sao 

.00538 

.o>i4. 

.ooo«o 

.iS 

.0637S 

.00744 

.oitSo 

.00079 

.65 

...375 

.00569 

-oaiit 

.ooofi] 

.16 

.o87«> 

.00763 

::;:?^ 

.00081 

.66 

.l.sao 

.00S98 

.osoSo 

.ooo»7 

■'7 

.0705s 

.00776 

.00083 

:U 

.11055 

.00616 

.oao4« 

.00070 

.iS 

.0739o 

.00787 

.0.33T 

.0OO85 

.logSo 

.oo6Sa 

.00071 

.19 

:3SJ 

.00795 

.oi38i 

.000S6 

.69 

..0695 

.00677 

.01973 

.0007S 

■ao 

.00800 

.01440 

.00086 

.70 

.loSoo 

,oo7Da 

.0.934 

.00077 

-al 

.oSaqS 

.ooSoi 

.0.497 

.00087 

■7' 

. .0195 

.00711 

.0.893 

.OOD«D 

.oSSSo 

.oo3oi 

.OI553 

.00087 

.73 

..0080 

.00739 

.oiS5o 

!oo<.8i 

.aa 

.03355 

.00797 

.01606 

.00087 

.73 

.09855 

.00756 

.oi8o5 

.oow3 

.a4 

.091=0 

.00790 

.oi658 

.0D086 

■74 

.09630 

.00770 

.01 758 

.00084 

.a5 

.09375 

.00731 

.01709 

.00085 

■75 

.09375 

.00781 

.01709 

.00095 

.a6 

.09610 

.00770 

.01758 

.00084 

.76 

.09.30 

.00790 

.0.658 

.00086 

.17 

.09855 

.00756 

.oi8o5 

.00083 

■77 

.088S5 

.00797 

.01606 

.00087 

.33 

.1S080 

.00739 

.oiSSo 

.00081 

.78 

.o858o 

.00601 

.01553 

.000S7 

.39 

.00731 

.0.893 

.00080 

■79 

.08995 

.00801 

.0,497 

.00087 

.3o 

.loioo 

.0.934 

.00077 

.80 

.oSooo 

.00800 

.01440 

.00086 

.31 

:;s 

.00677 

.0.973 

.00075 

.8j 

.07695 

.00795 

.0,381 

.00086 

.31 

.oo653 

.0007B 

.8a 

.07380 

.007B7 

.oi3ii 

.OOo8i 

.33 

..,.55 

.00626 

.oao46 

.85 

.07055 

.00776 

■^ 

.34 

.00593 

.03080 

.84 

.06710 

.00763 

.35 

!..I75 

.00509 

.oaiji 

.00063 

.85 

.06375 

.00744 

.00075 

.36 

...5,0 

.oo533 

.03l4l 

.00060 

.86 

.06010 

.00713 

.0,064 

.OO0J7 

.37 

.11655 

.o..5o5 

.01.69 

.ooo56 

.87 

.o5655 

.00996 

.0O07i 

.30 

..1780 

.00471 

.0..94 

.00053 

.88 

.oSaSo 

.00917 

.00070 

.39 

.11S95 

.oo436 

.00049 

.89 

.048,5 

.O0636 

.O0856 

.oo.*7 

.40 

.laooo 

.oo4oo 

.03340 

.00045 

.90 

.o45oo 

.00600 

.00784 

.0006J 

.4. 

.11095 

.oo363 

.05160 

.00041 

.91 

.04095 

.oo56o 

.0071, 

.oooSS 

■  ii 

..a.8o 

.Oo325 

! 03378 

!ooo36 

.93 

.o36Bo 

.oo5i5 

.00636 

.oooS] 

.43 

.13355 

.ooaS6 

.01393 

.ooo3a 

.93 

.o3a55 

.00*67 

.oo56o 

.OOQi« 

.44 

.13330 

, ooa46 

.oi3o6 

.94 

.02830 

.oo4i4 

.O0483 

.oooil 

.45 

..3375 

.00306 

.o33i9 

.00013 

.95 

.03375 

.oo356 

.oo4o5 

.ooo» 

.4e 

.ia4ao 

.00166 

.03327 

.00019 

.96 

.01910 

.00.94 

.oo3a6 

.ooolo 

■  47 

.ia455 

.00135 

.01334 

.00014 

■97 

.01455 

.0011.8 

.O0346 

.00013 

.48 

. 19480 

.00083 

.oa34o 

:°3 

.98 

.00980 

.00,57 

.ooi65 

-J? 

..1495 

.ooo4a 

.oa343 

■99 

.00495 

.00081 

.00083 

.ooooS 

j.5ol 

-..aSoo 

.onooo 

.oalii 

—  .0000. 

-.00000 

—  .00000 

.00000 

.ODOOO 
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Parts 

ofthe 

Unit 

of 

Binomial  Coefficients  (br 

Parts 

ofthe 

Unit 

of 

Binomial  Coefficients  for 

Sd  Diff. 

\     3d  Diff. 

1  4th  Diff. 

1  5th  Diff. 

SdDiff. 

1  Sd  Diff. 

4th  Diff. 

1  ftth  Diff. 

^t.t—l.t—2 

t...  /— 3 

!..£— 4 

t.t—l 

t.t—l  .t—2 

«...  t—3 

1 . . .  t-A 

Tiine. 
O.OI 

«  * 

1   «   3  • 

4  • 

5  ' 

Time. 
o.5l 

2  • 

2       3 

4  • 

5  ' 

— .00495 

.00328 

— .00245 

.00196 

— .12495 

.06206 

— .08868 

.02696 

.OS 

.00980 

.00647 

.OO4S2 

.00884 

.52 

.12480 

.06157 

.088x7 

.02657 

.o3 

.01455 

.00955 

.00709 

.oo563 

.58 

.12455 

.06x08 

.08769 

.02615 

.o4 

.01920 

.01254 

.00928 

.00735 

.54 

.12420 

. o6o44 

.087x7 

.02572 

.o5 

.02375 

.oi544 

.01139 

.00899 

.55 

.12875 

.05981 

.08664 

.02528 

.06 

.02820 

.01824 

.oi34o 

.oio56 

.56 

.I2320 

.05914 

.08607 

.02482 

.07 

.o3255 

.02094 

.oi534 

.01206 

.57 

.  12255 

.o5842 

.08549 

.02434 

.08 

.o368o 

.02355 

.01719 

.01848 

.58 

.12180 

.05765 

.08488 

.02886 

.09 

. 04095 

.02607 

.01897 

.oi483 

.59 

.12095 

.o5685 

.08425 

.02886 

.10 

.o45oo 

.o285o 

.02066 

.01612 

.60 

. 12000 

.o56oo 

.o836o 

.02285 

.11 

.04895 

.o3o84 

.02228 

.01733 

.61 

.11895 

.o55ii 

.08298 

.02288 

.12 

.05280 

.o33o9 

.02882 

.01849 

.62 

.11780 

.05419 

.08224 

.02x80 

.i3 

.o5655 

.03525 

.02529 

.01958 

.68 

.1x655 

.o5822 

.o8x54 

.02x25 

.14 

.06020 

.03782 

.02669 

.02060 

.64 

. Il520 

.o5222 

.0808 X 

.0207X 

.i5 

.06375 

.03931 

.02801 

.02157 

.65 

.11875 

.o5ii9 

.08007 

.020X5 

.16 

.06720 

.04l22 

.02926 

.02247 

.66 

.11220 

.o5oi2 

.02982 

.0x958 

•17 

.07055 

.o43o4 

.o3o45 

.02882 

.67 

.iio55 

.0490X 

.02855 

.OX90X 

.18 

.07380 

.04477 

.o3i56 

.02412 

.68 

.10880 

.04787 

.02777 

.01844 

.19 

.07695 

.04643 

.08261 

.02485 

.69 

.10695 

.04670 

.02697 

.01785 

.20 

. 08000 

.04800 

.o336o 

.02554 

.70 

. io5oo 

.o455o 

.026x6 

.0x727 

.21 

.08295 

. 04949 

.03452 

.02617 

•71 

.10295 

.04427 

.02584 

.0x668 

.22 

.o858o 

.05091 

.o3538 

.02674 

.72 

.10080 

.o43oi 

.o245x 

.0x608 

.23 

.o8855 

.o5224 

.o36i8 

.02728 

.•73 

.09855 

.04x72 

.02868 

.0x548 

.24 

.09120 

.o535o 

.08692 

.02776 

.74 

.09620 

. o4o4o 

.02288 

.0x488 

.25 

.09375 

.05469 

.08760 

.02820 

.75 

.09875 

.08906 

.02x97 

.0x428 

.26 

.09620 

.o558o 

.08822 

.0285q 

.76 

.09120 

.08770 

.02XXX 

.0x368 

•27 

.09855 

.o5683 

.08879 

.02894 

•77 

.08855 

.o868x 

.02024 

.0x808 

.24 

.10080 

1 

.05779 

.08980 

.02924 

.78 

.o858o 

.03489 

.0X987 

.0x247 

.29 

.10295 

.o5868 

•  .08976 

.02950 

•79 

.08295 

.o3846 

.0x848 

.0XX87 

.3o 

.xo5oo 

.05950 

.o4oi6 

.02972 

.80 

. 08000 

.08200 

.0x760 

.0XX26 

.3i 

.10695 

.06025 

.o4o52 

.02990 

.81 

.07695 

.o8o52 

.0X67X 

.0x066 

.32 

.10880 

.06093 

.04082 

.08004 

.82 

.07880 

.02908 

.0x582 

.0x006 

.33 

.iio55 

.06 I 54 

.o4io8 

.o8oi5 

.83 

.07055 

.0275X 

.0x498 

. 00946 

.34 
.35 

.11220 

.06208 

.04129 

.08022 

.84 

.06720 

.02598 

.ox4o8 

.00887 

.11375 

.06256 

.o4i45 

.08026 

.85 

.06875 

. 02444 

.0x3x4 

.00828 

.36 

.Il520 

.06298 

.o4i56 

.08026 

.86 

.06020 

.02288 

.0x224 

.00760 

.37 

.ii655 

.06333 

.04 1 64 

.08028 

•«7 

.o5655 

.02x80 

.ox  1 34 

. 007 1 0 

.38 

.11780 

.o636i 

.04167 

.08017 

.8i> 

.05280 

.0197X 

. .0x045 

.oo652 

•.39 

.11895 

.o6384 

.o4i65 

.08007 

.89 

.04895 

.018x1 

,00955 

.00594 

.40 

•  12000 

. o64oo 

.o4i6o 

.02995 

.90 

.o45oo 

.ox65o 

.00866 

.00537 

.41 

. 12095 

.o64io 

.o4i5i 

.02980 

.91 

.04095 

.0x488 

.00777 

.oo48o 

.42 

.12180 

.064 1 5 

.04188 

.02962 

.92 

.08680 

.0x825 

.00689 

.00424 

.43 

.12255 

.o64i3 

. o4 1 2 1 

.02942 

.93 

.08255 

.oxx6x 

.0060X 

.00869 

.44! 

.  I2320 

.o64o6 

.o4ioo 

.02919 

•94 

.02820 

. 00996 

.oo5x3 

.oo3x4 

.45 

.12375 

.06394 

.04076 

.02894 

.95 

.02875 

.oo88x 

. 00426 

.00260 

.46 

.12420 

.06376 

.o4o49 

.02866 

.96 

.01920 

.00666 

.00339 

.00206 

.47 

.12455 

.o6352 

.o4oi8 

.02836 

•97 

.01455 

.oo5oo 

.ooa54 

•oox54 

.48 

.12480 

.06323 

.08984 

.oa8o4 

.98 

.00980 

.oo333 

.00x68 

.00102 

.49 

.12495 

.06289 

.08946 

.02770 

•99 

.00495 

.00x67 

.00084 

.ooo5o 

.5o 

— .i25oo 

.06250 

— .08906 

.02734 

1 .00 

— .00000 

.00000 

— .00000 

.00000 
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Batd;  PirmMU. 

SlfSi 

r«i»«™— . 

Sw^DiOer- 

TUNDlflkr- 

foonkDt&r- 

nuDMf- 

— m. 

s 

7.8416375 

7.53758« 

6.75336 

6.76093 

5.75JS3. 

e.i 436675 

7.835S6n 

7.o45ie 

7.060I8 

6.o46ii« 

i5 

8.3.87588 

8.0085911 

7.3.195 

7-33484 

e.3i636a 

8.4436975 

8.i3o43n 

7.33746 

7.35811 

6.333iea 

35 

8.5406075 

8.334a3ii 

7.41483 

7.45330 

6.43304> 

3o 

8.6197888 

8.3oo28n 

7.48434 

7. 5307 1 

6.49353. 

35 

8.6867355 

6.364o6>. 

7.54149 

7.5^584 
7.65.97 

6.55143. 

4o 

8. 7447"? 5 

8.4188711 

7.58957 

6.6008M 

45 

8.7958800 

8.46683n 

7.63o68 

7.7013. 

6.6433ia 

5a 

6.8416375 

8.5o935n 

7.66636 

7.7450. 

6.68007. 

5S 

8.883o303 

8.54749» 

7.69734 

7.78439 

6.7.339. 

t     o 

8.9308188 

8.583oo„ 

7.7''4e7 

7.830.3 

6.74095. 

5 

6.9555809 

8.6i34Cn 

7-74883 

7.85379 

6.7663.. 

8.9877655 

8.64a33n 

7.77036' 

7.88381 

6.786,1. 

iS 

9.0177388 

8.66893^ 

7.78933 

7.9>o58 

6.80911. 

9.045757S 

8.69358n 

7.80638 

7.93636 

6.83731. 

aS 

9.0730864 

8.7i65o>i 

7.83138 

7.96039 

6.84343. 

3o 

9.D969100 

8.73789, 

7.83480 

7.98386 

6.85793. 

35 

8.75791™ 

7.S<!670 

8.00394 

6.87M9» 

io 

9.1436675 

8.77'i7"'" 

7.85733 

e.oa377 

6.88i44«  , 

45 

9.1638568 

8.79437- 

7.86646 

8. 04346 

6.89370.  I 

So 

9.1840603 

e.8iio3>i 

7.87451 

8.06011 

6.90175.  1 

55 

9.3033653 

8.82676™ 

7.88147 

e. 07681 

6.5096*. 

a    „ 

9. =3 18487 

8.84i64n 

7.S8739 

8. 093 64 

6.9ieS5. 

S 

9.3395775 

8.65573(1 

7.89335 

8.10766 

6.9M43. 

».3566.o9 

8. 8691  on 

7.89637 

8.12.94 

6.937J7. 

i5 

9.37300.3 

e.88i79n 

7.89953 

8.135S3 

6.93141. 

9.2887955 

8.89386» 

7.90183 

8.14846 

6.9345*. 

35 

9.3o4o355 

8.9o534n 

7.90333 

8.1607B 

6.93693. 

3(. 

9.3187588 

8.91627- 

7.90404 

8.17353  ' 

6.93S45. 

35 

9.3339993 

8.92669n 

7.90399 

8.18375 

6.939»o» 

4o 

9.346787S 

8.9366in 

7.90319 

8.19446 

6.93^19. 

45 

9.36oi5i4 

8.946o8n 

7.90.66 

8. 30469 

6.93642. 

5o 

9.3731164 

8.95513/1 

7.89943 

8.31446 

55 

9.3357055 

8.96374- 

7.89646 

8-33381 

6.9346e« 

3     o 

9.3979400 

8.971971 

7.89379 

8.33274 

G. 93.71™ 

S 

9.4098393 

8.97983n 

7-8884. 

8.34.38 

6.93801. 

9.4314311 

8.98733™ 

7-88333 

8.34944 

6.93359- 

i5 

9.4337011 

8.99450, 

7.87753 

8.357=4 

6.9i8ii« 

9.4436975 

9.0013411 

7.87100 

8.3C470 

6.9ia5» 

s5 

9-4544314 

9.007870 

7,86374 

8.37.83 

3o 

9-4648868 

9.01409™ 

7.85573 

8. 27864 

6.89943- 

35 

4o 

7.4751060 
9-4850003 
9.4948S00 

9.o3Do3n 
9.02570™ 

7.8469S 
7.83737 

8.385.4 
8.39134 

6.88116* 

£ 

9.03109™ 

7.B2697 

8.39735 

6.S7..9> 

&^i 

9.03633™ 

7.8.5?3 

6.3^89 
S. 30836 

6.B6053. 

?.o4.... 

7.80357 

6.8488?" 

-.-^, 

q.odSiS™ 

7.79048 

6,3i336 

C.S3«*iN 
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^■^^:jz 

Fi™.Diirmn,... 

Lajirllh 
Seninil  Difl»r- 

Third  Difler-  " 

FoiinhDiffgr- 

-rlSir^iiS^ 

4    o 

9.53=8787 

9.0457671 

7  ■79049 

8.3i336 

6.83ea4n 

9.53i8336 

9.o5oi6n 

7-77641 

8.3.8=1 

6.833610 

10 

g. 5406075 

9.o5434n 

7.76.38 

8.32s8a 

6.807910 

9.549^077 

9.o583on 

7. 7-5503 

8.32718 

6.793060 

9.5576409 

9.o63o4rt 

7.7"758 

8.33i3o 

6.775oon 

a5 

9.5559134 

9.o6556n 

7.70883 

8. 335. 9 

6.756610 

3o 

9.574o3i3 

9.o6838n 

7.68867 

8.33666 

6.73680B 

35 

9.5820002 

9.0730011 

7.66696 

8.34330 

6.7i543n 

Ao 

9.5898355 

9.0749371 

7.64355 

B. 34553 

6.69a33« 

45 

9.5g75i34 

9.0776411 

7.61835 

8.34854 

6.667300 

5o 

9.6o5o655 

7.59083 

B.35i34 

6.64oT4n 

55 

9.6124895 

9.o8a527i 

7.5609B 

6.35394 

6.6io55n 

5    0 

9.6197897 

9.o8468n 

7.53837 

8.35G33 

6.578.80 

9.6269674 

9.o8665n 

7.49356 

8.35853 

6.5425gn 

9.6340293 

9.o8845n 

7.45397 

8.36o52 

6. 603.90 

9.640978: 

9.0900771 

7.40883 

8.36333 

6. 459330 

9.647S'75 

9.09i52n 

7.359.3 

8.36393 

6.409680 

aS 

9.6545509 

9.093797, 

7.3o34a 

B. 36533 

6.353.on 

3o 

9.661.814 

9.0938en 

7.33555 

8.36655 

6.287370 

35 

9.6677123 

9.0948.0 

7.i583o 

8.36758 

6.209220 

4o 

9.6741464 

9.095570 

7.o6ai4 

8.36B4S 

6.ii3i5n 

45 

9.6804866 

9 . 096 . 6r 

C. 93779 

e. 36907 

5.986860 

5o 

9.6867355 

9.095570 

6.76312 

8.36954 

5.8i324n 

55 

9.6938959 

9.0968371 

6.46i34 

8.36983 

5.5i249n 

6     o 

9.6989700 

9.0969.0 

__^ 

8.3699, 

— oe 

9.7049604 

9.o9683n 

0.46:34o 

B-.  36982 

5.5.349 

9.7.08603 

9.096570 

6. 763120 

8.36954 

5.81334 

9.7166988 

9.096160 

6.93779,. 

8.36907 

5.98886 

9.7334511 
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so. 08 

i6 

131 

1 4  Cassiopee, 

X 

5 

33  31.35 

3.363 

36   18  32.7 

'9-9: 

I? 

134 

Phoenicis, 

X 

5 

24    9.91 

3.906 

139   38     2.8 

19.9; 

i8 

136 

1 5  Cassiopee, 

K 

4 

a4  3o.74* 

3.344 

27  53  48.2* 

19.96 

'9 

137 

Tucanae, 

P' 

4 

34  38.39 

3.770 

i53  47     9.2  ' 

'9>: 

so 

138 

Tucane, 

^ 

4 

34  39.13 

3.773 

i53  47  34.3  , 

19.S9 

31 

1 34 

Tucane, 

5 

a5  51.93 

3.751 

i53  5i   36.8 

1 

19.  Sc"- 

33 

i43 

Phcenicis, 

5 

S7  19.48 

3.901 

i43   13     5.6 

19.9: 

33 

i53 

17  Cassiopee, 

C 

4 

s8  38. 45* 

3.399 

36  55  45.8* 

19.91 

24 

i55 

29  Andromcdae, 

TT 

4^ 

38  53.91 

3.183 

57     6  25.8* 

19.9: 

35 

1 64 

3o  Andromedae, 

e 

4 

3o  38.35* 

3.i54 

61    3o   1 1. 9* 

19.^. 

36 

166 

3 1  Andromeda?, 

6 

3 

3i   18.99 

3.187 

59   57  38.5* 

'9-:<' 

27 

169 

18  Cassiopeae, 

a 

3 

33     1.58* 

3.354 

34    17     9.9* 

19. tS 

38 

176 

Tucanae, 

5 

33  31.60 

3.8o5 

i5o   18     1.6 

30.19 

39 

i83 

Phoenicia, 

/* 

5 

34  13.89 

3.869  i36   54  27.5 

30.0: 

3o 

188 

Phoenicia, 

^ 

5 

34  54. 5i 

3.738 

147    19  33.9 

19./ 

3i 

189 

so  Caaaiopeae, 

TT 

5 

35  11.45 

3.389 

43  47  47.9 

19.*!' 

33 

193 

Sculptoria, 

;.» 

5 

35  39.35 

3.901  139  17     e.i 

19-^ 

33 

196 

16  Ceti, 

P 

2^ 

36     3.43* 

3.016  lod  48  39.1* 

19.5*! 

34 

199 

Phoenicia, 

V 

5 

36  35.64 

3.7i3!i4d   17   17.3 

19.39 

35 

300 

17  CeU, 

r 

5 

36  37.45 

3.o3i  loi    25  37.1 

1 

«9-:» 

1 

36 

aoa 

Sculptoris, 

?.* 

5 

36  57.03 

3.919  139   i4  56.6 

|u  •  >  « 

37 

ai5 

34  Andromeda?, 

c 

4 

39  33.79* 

3.169    66   3a   59.4* 

I9.f9 

38 

3l8 

34  Caaaiopeae, 

V 

4 

4o     3.4o* 

3.564 

33   58  53.5* 

I9.f 

39 

319 

35  Caaaiopeae, 

V 

5 

4o  31.66 

3.359 

39   5i      7.9 

19.6? 

4o 

333 

63  Piacium, 

6 

5 

4o  54.20* 

3.107 

83    i3  56.5* 

19-:^ 

4i 

337 

35  Andromedc, 

V 

4 

4i  33.42* 

3.379 

1 
49  44  ig.o*. 

19:2 

43 

343 

20  Ceti, 

5 

45  30.57* 

3.064    91   57  35. i^. 

19-^ 

43 

345 

Caaaiopeae, 

5 

46  35.01 

3.369!  42     8     7.8 

19.il 

44 

a53 

37  Caaaiopeae, 

7 

3 

47  41.83* 

3.548 

3o     5  48.1* 

i9.6i 

45 

a59 

37  Andromedae, 

f* 

4 

48  36.48* 

3.3oi 

5a   18  54. o* 

19.6s 

iA 

•«« 

1  UmeMincnia, 

5 

49    9.55* 

6.716 

4  33     3.4*! 

19.S9 

\ 

38  Andromedae, 

f 

5 

49   13. 5o 

3.190 

67  93  33.1   . 

19.6* 

SeoljpCoria, 

a 

5 

5i  aa.5i* 

a. 899 

I30  10     8.7«. 

19.53 

•^•^iHm* 

9 

4 

55    9.75* 

3.114 

83   55      7.3*. 

19-5* 

■ 

fi 

3i 

0  59  a3.io 

+8.693  137  3i  at. 3   . 

—19.5" 
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No. 

I 

2 

3 

4 
5 

1 

a 

Lo^ar 
b 

itbmH  of 

1                                Lograrithnis  of 

c 

d 

a' 

6' 

c' 

d' 

+8.8790 
9.io36 
8.9867 
8.9762 
9.7416 

+6.3273 
6.8230 
6.8791 

7.02x4 
7.8733 

+0.4875 
0.4888 
0.4857 
0.4893 
0.4657 

+8.5544 
+9.0336 
—8.8478 
+8.8275 
—9.7385 

—9.5808 
9.349X 
9.4829 
9.4738 
8.8x82 

—9.6753 
—9.9299 
+9.86XX 
— 9.85x2 
+9.9968 

— X .3022 
I . 3o22 
X.3022 
1.3022 
I . 3022 

+7.4483 

7-7»94 
7 . 8924 
8.0452 
8.i3i6 

6 

7 

8 

9 

lO 

8.8375 
8.9261 
8.8295 
9.2099 
9. 2985* 

7.2192 
7.5333 
7.5411 
7.9364 
8.0757 

0.4884 
0.4931 
0.4856 
0.4643 
0.4542 

+8.23x7 
+8.7140 
—8.0542 
— 9.1698 
— 9.2730 

9.6174 
9.5o23 
9.6399 
9.3555 
9.3043 

— 9.3940 
9.7875 
+9.224X 
+9.9593 
+9.9735 

X.3o2I 
1.30X9 

i.3ox7 
i.3ox6 
i.3ox4 

8.38x5 
8.6068 
8.7XX0 
8.7259 
8.7761 

II 

12 

i3 

i4 
i5 

8.8848 
9.5o83 
8.9693 
8.9592 
8.9028 

7.6705 
8.3982 

7.8847 
7.8754 
7.8552 

0.4806 
0.4116 
0.4717 
0.4724 
0.4758 

—8.58x3 
—9.4989 
— 8.8x5x 
—8.7939 
—8.6485 

9 . 6094 
9.2x80 
9.5647 
9.57x7 
9.6x3o 

+9.6957 
+9.9893 
+9.8443 
+9.8333 
+9.7440 

i.3ox4 
I . 3009 
i.3oo8 
X . 3oo8 
I . 3oo5 

8.7849 
8.8886 
8.9x40 
8.9148 
8.9507 

i6 

17 

i8 

'9 

20 

9 . 0492 
9.0101 
9.i5i3 
9.1763 
9.1763 

8.0620 

8.0348 
8.1822 
8 . 2094 
8.2097 

0.5128 
0.4632 
0.5238 
0.4439 
0.4439 

+8.9555 
-8.8921 
+9.0976 
— 9.129X 
-9.1293 

9.2416 
9.5579 
9.0358 

9.4594 
9.4592 

— 9 . oo4o 
+9.8795 
—9.9439 
+9.9504 
+9.9504 

1.2999 
1.2998 
1.2997 
1.2997 
X.2997 

9.0105 
9.0222 
9 . 0284 
9.o3o6 
9.o3o8 

31 
22 
23 
34 

a5 

9.1771 

9.0434 
9 .  o4 1 8 
8.8963 
8.8761 

8.23i5 
8.1218 
8.i4o8 
7.9991 
8.0048 

o.44i5 
0.4561 
0.5175 
o.5o23 
0.5007 

— 9.x3o3 

— 8.9469 
+8.9445 
+8.63x2 
+8.5547 

9.4658 
9.5504 
9.2071 

9.4714 
9.5022 

+9.9504 
+9.9004 
—9.8994 
—9.7314 
—9.6747 

1.2995 
1.299X 

1.2988 
X.2988 
X.2983 

9.o5i6 
9.0753 
9.0957 
9.0993 
9.X248 

26 
27 
28 

29 

3o 

8.8825 
9.0689 
9.1243 
8.9845 
9.0866 

8.0208 
8.2170 
8 . 2904 
8. 1620 
8.2727 

0.5019 

0.5242 
0.4363 
0.4561 
0.4400 

+8. 5820 
+8.9860 
— 9.063 I 
—8.8480 
— 9.01x8 

9.4879 
9.XX19 
9.5328 
9.6077 
9.5587 

— 9.6954 
-9.9129 
+9.9342 
+9.8586 
+9.9201 

X.3982 
1.2980 
I .2976 
X.2974 
X .2972 

9.x 342 
9.x43q 
9.x6i5 
9.x 726 
9.18x1 

3i 

32 

33 

34 
35 

8.9786 
8.9299 

8.8434 
9.0977 
8.8270 

8.1683 
8.1233 
8.0428 
8.3o46 
8.0343 

o.5i64 
0.4627 
0.4770 
0.4356 
0.4811 

+8.8370 
—8.73x5 
— 8.35o8 
—9.0274 
— 8.x24o 

9.2785 
9.6371 
9.6640 
9.5604 
9.6598 

—9.8533 
+9.7963 
+9.5o3i 
+9.9242 
+9.29x4 

1.297X 
1.2970 
1.2968 
1 .2967 
I  .'2967 

9.1845 
9.X882 
9.X950 

9.2014 
9.2017 

36 

37 

38 

39 
4o 

8.9293 
8.8549 
9.0814 
0.0104 
8.8200 

8.i4o5 
8.0945 
8.3283 
8.2607 
8.0762 

0.4617 
o.5oio 
o.535i 

0.5252 

0.4912 

—8.7305 

+8.4547 
+9.oo5o 

+8.8956 
+7.8914 

9.6412 
9.5x85 
8.9557 
9.X572 
9.6128 

+9.7955 
— 9.5934 
—9.9x70 
—9.8784 
— 9.0644 

1.2966 
1.2958 
1.2956 
1.2955 
1.2953 

9 . 2o56 
9.2332 
9 . 2402 
9.2435 
9.2493 

4i 
42 
43 
44 
45 

8.9341 
8.8i56 
8.9882 

Q.1142 
8.9157 

8.1974 
8.1177 
8.3o33 
8.4388 
8.2474 

o.5i52 
0.4860 
0.5275 
0.5499 
o.5i68 

+8.7446 
—7.3496 
+8.8584 
+9.05 1 3 
+8.7020 

9.33x6 
9.6439 
9.i5o5 
0 . 5900 
—9.3326 

—9.8032 
+8.5254 
— 9.86XX 
—9.9276 
— 9.7765 

1.2950 
1.2937 
1.2932 
I .2928 
I . 2924 

9.2561 
9.2935 
9.3o5i 
9.3i5i 
9.3218 

46 

47 
48 

49 
5o 

9.9143 
8.8485 
8.8761 
8.8145 
+8.9797 

0.2523 

8.1872 

8.2341 

8.2045 

+8.4o3o 

0.8224 
o.5o37 
0.4621 
0.4928 
+0.4308 

+9.9130 

+8.4334 
—8.5773 

+7.9054 
—8.8475 

+9.2497 
— 9 . 5o34 

9.6874 

9.6035 

—9. 683 1 

—9.9886 

9.5747 
+9.6903 
— 9.0782 
+9.8530 

1.2922 
I. 2931 
X.3912 
1.2895 

9.3279 
9.3285 
9 . 3469 
9.3773 
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No. 

B.A.C. 

Constdlation. 

M«g. 

Right  Aflcenaion, 
Jan.  1,  1850. 

Anmnl 
VariaUon. 

North  Polar  Diat., 
Jan.  1,  189a 

Aaa^  1 
TamoM.' 

5i 

3i8 

4 1  Andromede, 

5 

A.  m.        a. 
0  59  25. 3o 

a. 
+  3.410 

e         '           M 

46  5i   3o.i 

—10.35. 

53 

328 

80  Piscium, 

e 

5 

I     0  38.79* 

3.o83 

85     8  4i.8*|    li.iT 

53 

33o 

42  Andromede, 

^ 

5 

0  49. XX* 

3.437 

43  33  34-1* 

15.37; 

54 

332 

3 1  Ceti, 

V 

3^ 

X     a. 67 

3.019 

100  58  43-5 

19.3}' 

55 

333 

Tucansy 

t 

5 

I  19.95 

2.357 

i52  34  36.9 

19-^9; 

56 

334 

43  Andromede, 

P 

2 

I  20.90* 

3.336 

55   10  33.2* 

1 
19.17 

5? 

339 

33  Caiffiiopeas, 

e 

4^ 

I  59.95* 

3.593 

35   38  58.3* 

:  19.33 

58 

340 

Phcenicis, 

C 

5 

2    4.35 

2.555 

i46     3     1.5 

!  iM 

59 

348 

84  Piscium, 

X 

5 

3  24.08 

3.210 

69  45  5a. 6 

X9.s£ 

60 

36o 

X  Ursae  Minoris, 

a 

2 

5     0.83* 

17.546 

I   29  24.7* 

19.S7 

61 

38o 

Phoenicis, 

V 

4i 

8  25. i5 

2.735 

x36   19  59.4 

19.53^ 

63 

392 

Tucane, 

K 

5 

10  41*92 

a.  089 

159  4o  29.8 

19.  i» 

63 

398 

Tucanae, 

5 

II  50.37 

a. 117 

i57    II    3i.3 

ib.U 

64 

4o4 

46  Andromedae, 

^ 

4i 

i3  3i.85 

3.493 

45    1 5   34.4 

19. ot* 

65- 

4x2 

36  Cassiopee, 

V' 

4i 

i5  24.16* 

4.X19 

22   39   18.1* 

19.01! 

66 

4i6 

37  Cassiopeasy 

d 

3 

16     a. 88* 

3.853 

3o  32  47.3* 

i§.9t' 

67 

420 

45  Ceti, 

e 

3 

16  31.58* 

3.000 

08     57     32.2* 

i57   10   19. 1 

,    >«.:5" 

68 

422 

Tucanae, 

5 

16  47.59 

a.o4i 

i«.5i 

69 

426 

Phcenicisy 

5 

18       2.32 

3.666 

i33    16  26.8 

iS.9i- 

70 

427 

93  Piscium, 

p 

5 

18    10.60 

3.216 

71    36  34.5 

18.9$ 

71 

429 

46  Ceti, 

5 

18    14.70 

2.952 

io5  32  5o.6 

1 
19.91! 

72 

43i 

94  Piscium, 

5 

18  36. 06 

3.225 

71    3a   16.7 

i8.S« 

73 

432 

48  Andromeda?, 

u 

5 

18  42.29* 

3.55o 

45   32   10.6*' 

i«.-8^ 

74 

438 

38  Cassiopeae, 

A 

5 

20     9.01 

4.324 

20   3o  36. 0 

1^.-4 

75 

44 1 

49  Andromedae, 

A 

5 

21     7.73 

3.556 

43  46     5.5 

18.:^ 

76 

447 

Phcenicis, 

y 

3 

21  5i.i6 

2.634 

i34     5   i4.8 

i%M 

77 

448 

98  Piscium, 

/* 

Ak 

22  19.73* 

3.137 

84   37  53.2* 

iS.6» 

78 

453 

99  Piscium, 

V 

4 

23  27.80* 

3.200 

75  35  45.0*; 

iBA 

79 

46 1 

Phcenicis, 

6 

4 

25       O.II 

2.509 

139   5i    i5.6 

i*.r 

80 

480 

5o  Andromeda?, 

5 

28     0.81* 

3.489 

49  20  48.7* 

lS.2t 

81 

487 

5 1  Andromedae, 

3^ 

28  48.69* 

3.639 

42     8     2.5*" 

i?.i5 

82 

488 

102  Piscium, 

TT 

5 

29     9.21* 

3. 171 

78  37  38.1* 

iS.CA 

83 

5o2 

53  Andromedae, 

T 

5 

3i  44.87 

3.5i6 

5o   II      8.1 

IS.?* 

84 

5o7 

.  Eridani, 

a 

X 

32     7.23 

2.238 

i48     0     0.5 

i*.i5 

85 

5x8 

106  Piscium, 

V 

5 

33  37.69* 

3. 117 

85    16  35.3* 

iS.3«- 

86 

522 

54  Andromede, 

4 

34  17.28* 

3.716 

4o     4     9.1* 

1S.55 

87 

536 

52  Ceti, 

T 

3J 

37     6.09 

2.788 

xo6  43  43.5 

19.15 

88 

537 

no  Piscium, 

0 

5 

37  28.67* 

3.162 

81    35   56.9*i 

18. 3i 

89 

54 1 

Sculptoris, 

e 

5 

38  37.35 

2.8x9 

ii5  48   14.9* 

x8.2i 

90 

55o 

Eridani, 

9' 

5 

4o  23. 3o 

a. 287 

i44  16  37.6 

x:.9: 

91 

559 

53  Ceti, 

X 

5 

42  1 3. 00* 

2.946 

loi   25  49.9* 

1«.0* 

92 

564 

45  Cassiopeae, 

e 

3 

43  39.68* 

4.221 

27     4   17.9* 

i8.cc 

93 

565 

55  Ceti, 

C 

3 

44    3.54 

2.960 

101     4  43.9 

r.9* 

94 

569 

2  Trianguli, 

a 

3f 

44  32.57* 

3.399 

61      9    li.c* 
71  26  38.5*1 

71  26  99. o*! 

69  55   38.7* 

«:>♦ 

.9S 

572 

5  Arietis, 

'■ 

4i 

45  18.43* 

3.277 

iT.tf 

96 

573 

5  Arietis, 

)• 

4i 

45  18.43* 

3.279 

17.?^ 

^Z 

577 

6  Arietis, 

/3 

3 

46  21.69* 

3.297 

17. ti 

98 

58a 

Phoenicia, 

5 

47  37.92 

9.4X2 

137    9    17.7 

i::« 

585 

Phoenicis, 

5 

5 

48    8.43 
I  48  45.68 

9.491 

+  1.458 

i33  i4     1.8 
i58  4o  58.3 

«7-9» 
-17.94 

Table  XXX. 


403 


Catalogue   of   1500   Stars. 


No. 

5i 

52 

53 

54 
55 

56 

5? 
58 

59 

6o 

6i 
62 
63 

64 
65 

66 

67 
68 
69 
70 

71 
72 

73 
74 
75 

76 

77 
78 

79 
80 

81 
82 
83 

84 
85 

86 

«7 

88 

89 
90 

91 
92 

93 

94 
95 

96 

97 
98 

99 
100 


Lofrarithinii  of 


r 


I 


I 


d 


+8.9460 
8.8101 
8.9702 
8.8i63 
9.1449 

8.8939 
9.0423 
9.0608 
8.8348 
0.3911 

8.9651 
9.2622 
9 . 2 1 38 

8.9497 
9.2143 

9.0935 
8.8o46 
9.2103 
8.9290 
8.8209 

8.8139 
8.8208 
8.9455 
9.2623 
8.9562 

8.9393 
8.7972 
8.8087 
8.9840 
8.9110 

8.9638 
8.7988 
8.9027 
9.0636 
8.7881 

8.9774 
8.8025 
8.788X 
8.8280 
9.0145 

8.7879 
9.119S 
8.7857 
8.8346 
8.7995 

8.7995 
8.8026 
8 . 9407 
8.911a 
4-9*9ia5 


+8.3697 
8.2430 

8.4o44 
8.2523 
8.5829 

8.3320 
8.4852 
8.5o43 
8.2880 
9.8559 

8.4533 
8.7655 
8.7245 
8.4713 
8.7476 

8.6307 
8 . 3448 
8.7521 

8.4784 
8.3711 

8.3646 
8.3736 
8.4989 
8.8142 
8.5239 

8.5ii2 
8.3718 
8.3898 
8.5738 
8.5175 

8.5746 
8.4ii5 
8.5292 
8.6921 
8.4245 

8.6172 
8.4567 
8.4442 
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9.5273 
9.5348 
9.5399 

9.5436 
9 . 5460 
9.55x7 
9.6692 
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ti-t 

i<3i 

9S1 

28  Peraei, 

5 

3     1  37.4. 

+  3.845 

5o  57  ii.3 

.4..J 

i6a 

98= 

Hydri.                6 

5 

I   58.36 

—0.008 

16a  39  37.7 

■  l.Jf 

163 

98G 

57  Arietie,               i 

4 

3     3. 58* 

+  3.4.8 

70  5o  39.9* 

i4.t* 

1 64 

997 

13   Eridani, 

34 

5  43. o8' 

3.550 

1.9  34  53.0* 

ii.if 

iGS 

999 

58  Aiietis,               f 

5 

6   .7.31' 

3.434 

69   3o   53.9* 

>3.:> 

1 60 

loai 

CiBsiopeff, 

5 

6  5(.i5» 

5.153 

a4  54     8.5» 

i3.:i 

1^7 

ioi3 

1 3  Eridani,              f 

4 

8  33.08' 

3.910 

93  33  48.8- 

i).« 

liJS 

loaS 

96  Ceti,                   k' 

5 

11   29.91 

3.139 

87  M     3.0 

13.41 

105 

io34 

61   Arielis,               t> 

5 

13  34.43- 

3.449 

69  33  5o.=' 

i].]j 

170 

1037 

16  Eridani,              t* 

31 

13  50.67- 

+3.665 

113   18  34.8* 

il.«i 

'7' 

io3S 

Mcnsc. 

5 

'     13    53. 6d 

-3.334 

169  33  55.3 

i3.« 

17a 

it.43 

33  Persei, 

2l 

i3  38.35* 

+4.341 

4o  40  39.3* 

i3.r 

173 

ro44 

Eridani, 

41 

i3  55. o5 

3.365 

i33  38  43.6 

li.M 

■74 

io56 

Hydri, 

5 

16  18. 90 

0.673 

i57  38  29.7 

i:.M 

'75 

io57 

1   Tauri,                  0 

41 

16  44.83 

3.323 

8,    3o   10.7* 

li.ej 

176 

io59 

Camel  opardi. 

4 

16  57.93* 

4.789 

3o  35   16.6- 

ll.l'^ 

'77 

1 06a 

Camelopardi, 

4 

17. 58.43" 

4.735 

3i    38  49.0* 

■  }.«( 

17a 

io65 

5 

18  35.65 

4.533 

35     4  35.0 

u.t-- 

179 

106S 

2  Tauri.                  ( 

4 

.9     3.G3- 

+  3. 343 

80  47   37.8* 

K-iS 

180 

1070 

Hydri, 

5 

19  44.03 

-1.794 

167   55  57.7 

ij.H; 

181 

1071 

35  Persei. 

5 

20     i.3i* 

+4.194 

43   3i    3S.7* 

!;.?<■ 

i8a 

1090 

17   Eridani, 

41 

33  .0.75 

".973 

95   35   36.6 

ia.l5 

183 

1099 

37  Peraei.                V 

5 

25     5, .03* 

4.338 

43    18   40.8* 

1 84 

i«  Eridani,              e 

31 

35     53.25 

3.836 

99   53     8.3* 

i:.ii 

i85 

iid4 

19  Eridani,              r" 

4 

37   9.79 

fl.643 

113      8  30. 3 

i*.:^ 

186 

111= 

10  Tauri, 

41 

39  13.43 

■3.o58 

90     4  40.9 

'^ 

1125 

Eridani, 

5 

3:  4a. 77 

a. 147 

i3o  46    10. 0 

\l''<^ 

188 

1119 

39  Persei.                i 

3 

3a   15.85* 

4.235 

43   4.    5o.o- 

1B9 

m33 

5 

33   58. o5* 

5.161 

27     8     6.4* 

ii!vj 

190 

1.37 

41 

34  34.89 

6. .39 

19     8  >4.5 

,,.h 

191 

i[3i 

3S  Persei, 

4 

34  55.48* 

3.733 

58  It   =7.3* 

ti  s 

.9, 

,.39 

4i   Peraei. 

4 

35     1.1 3* 

4.046 

47  54     1.5* 

ii!*f 

193 

1144 

Camelopardi, 

5 

35  50.07 

5.393    34  56  43.6 

194 

.147 

17  Tanri. 

41 

35  58.74' 

3.548,   66  31    43.9* 
3.87i'ioo   16   38. o" 

11.-* 

195 

ii4S 

33  Eridani,              i 

31 

36    4.05 

>a.i> 

^mIiiSo 

Eridui, 

5 

36  17.03 

8.378133  b5    i3.5 

».:>' 

■  iSi 

19  T«nri, 

5 

36  17.33* 

3.557I  66     0  «8.o» 

ii.tS 

■0  Tsnri, 

5 

36  54.5o» 

3.5551  66     6    .9.0* 
3.248137  4?    19.6  • 

it.6» 

KiidtM, 

5 

37  17.05 



5 

3  37  35.92* 

+3.5491  66  3i   13.4* 

-,";«, 
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No. 

5i 

53 

53 

54 
55 

56 

57 
58 

59 

60 

61 
63 
63 

64 
65 

[66 
■67 
[68 
69 
70 

71 
72 
73 
74 
75 

76 

77 
78 

79 
80 

:8i 
;83 
[83 

[84 
[85 

;86 

87 
[88 

[89 

90 

[91 
93 
93 

t94 
95 

[96 

98 
199 

flOO 


Logarithms  of 


+8.9376 
8.6845 

8.6866 
8.7866 
8.7213 

9.0497 
8.6836 

8.8600 
8.7945 
8.8197 

8.7800 
9.1913 
8.6933 
8.7230 
8.6895 

9.0357 
8.6624 
8.65io 
8.6769 
8.6814 

9.3889 
8.83i8 
8.7859 
9.0569 
8.6440 

8.933Z 
8.9166 
8.8757 
8.6398 
9.3x33 

8.8030 
8.6368 
8 . 7903 
8.635o 
8.6485 

8.6io3 
8.7348 
8.7714 
8.9419 
9 . 08 I 2 

8.6666 
8.7353 
8.9685 
8.63i3 
8.6000 

8.6660 
8.63i6 
8.6297 
8.6920 


+8.9160 

8.6634 
8.6689 
8.7698 
8.7053 

9.0343 
8.67x9 
8.8534 
8.7885 
8.8174 

8.7862 
9.1988 
8.7039 
8 . 7446 
8.7x34 

9.0616 
8.6949 
8.6946 
8.7247 
8 . 7302 

9.4378 
8.8837 
8.8387 
9.1x89 
8.7077 

8.9967 
8.9850 
8 . 9465 
8.7123 
9.3875 

8.8783 
8.7152 
8.8S9X 
8.7239 
8.7525 

8.7223 
8.8466 
8.8953 
9.0686 
9.2143 

8.8011 
8.8601 
9.1066 
8.7699 
8.7390 

8.8059 
8.7715 
8.7720 
8.8359 


I 


+8.6269I+8.7714 


+0.6477 
0.495X 
0.4678 
o.58oo 
0.4238 

o.o45o 
0.4678 
0.6182 
0.5876 
0.6010 

0.5846 
8.6822 
0.5319 
o.4oi5 
0.5357 

0.7132 
0.4637 

0.4941 

0.5372 

+0.4351 

— o.368i 

+0.6268 

0.3255 

9.8026 

o.5o8x 

0.6798 

0.6739 

0.6553 

+o.5ioo 

—0.2344 

+0.6219 
0.4726 
0.6253 
o.46o4 
0.4221 

o  4870 
0.3326 
0.6262 
0.7127 
0.7906 

0.5728 
0.6069 
0.7320 
0.5495 
0.4586 

0.3771 
o.55o5 
o.55o4 
0.3480 
+0.5493 


+8.8568 
+7-4699 

-7.8449 
+8.5784 
—8.3342 

— 9.oo58 
-7.8374 
+8.7381 
+8.6059 
+8.6637 

+8.5793 
—9.1707 
+8.2083 

—8.4x64 
+8.2335 

+8.9933 
—7.8746 
+7.3423 
+8.2233 
— 8.2607 

—9.3817 
+8.71x7 
—8.6248 
— 9.0224 
+j.8x36 

+8.8671 
+8.8467 
+8.7887 
+7.8438 
— 9.3026 

+8.6695 
— 7.6157 
+8.6592 
—7.8634 
— 8.2347 

—5.7446 
—8.5397 
+8.6377 
+8.8912 
+9.o565 

+8.3885 
+8.55i6 
+8.9260 
+8.2343 
-7.85x3 

—8.3953 
+8.2408 
+8.3373 
—8.4793 
+8.2272 


Logarithma  of 


1/ 


+9.5x88 
— 9.5923 
— 9.7235 
+8.0469 
— 9.8328 

— 9.9x03 

—9.7234 
+9.3899 
+9.0945 
+9.2594 

+9.0469 
— 9.9089 
-9.2425 
—9.8664 
— 9.1827 

+9.6790 
—9.7385 
-9.5988 
— 9.1587 
—9.8354 

— 9'.  9096 
+9.4538 
— 9.9195 
— 9.9366 
— 9.5016 

+9.6348 
+9.6228 
+9.5732 
— 9.4862 
— 9.9238 

+9.4335 

—9.7054 
+9.4568 

— 9.7504 
—9.8439 

—9.6386 
— 9.9293 
+9.4672 
+9.7119 
+9.7914 

+8.7497 
+9.3399 

+9.7405 

—8.8645 

— 9.7569 

-9.9033 

-8.8274 
-8.8338 

-9.9247 
-8.8704 


—9.7792 
—8.6452 

+9.0164 
— 9.6495 
+9.4703 

+9.8x32 
+9.0090 
— 9.7308 
— 9.6639 
— 9 . 6946 

— 9.6456 
+9.8251 
— 9.3597 
+9.53x8 
—9.38x3 

—9.7938 
+9.0448 
— 8.5x79 
—9.3707 
+9.4to3o 

+9.8164 
—9.7019 

+9.6604 
+9.7818 
—8.9849 

—9.7498 
—9.7427 
— 9.7242 
— 9.0x43 
+9.7990 

— 9.6755 
+8.7897 
— 9.6634 
+9.0328 
+9.3675 

+6.9206 
+9.595X 
—9.6451 
— 9.7264 
— 9.7482 

—9.4939 
— 9.598X 
—9.7271 
— 9.3724 
+9.0204 

+9.4978 
—9.3777 

—9.3744 
+9.5531 
— 9-3658 


622 
620 
604 
599 
596 

593 
575 
55o 

547 
528 

486 

479 
458 

406 

395 

384 

349 

288 

265 
259 

359 
343 
337 
i85 
X75 

171 
1 48 
1 34 
124 
109 

X02 

o3o 

0967 

0967 

0936 

0886 

0834 
0810 
0793 
075x 

0742 
0740 
0719 
07x5 
0713 


d' 


+9.8384 
9.8387 
9 . 84o5 
9.8410 
9.84x3 

9.84x6 
9 . 8436 
9 . 8463 
9.8465 
9.8483 

9.8535 
9.8533 
9.8553 
9 . 8600 
9.86XX 

9.863Z 
9.865i 
9.8703 
9.8731 
9.8725 

9.8726 
9.8739 
9.8743 
9.8783 
9.8790 

9.8794 
9.8810 
9.8820 
9.8827 
9.8838 

9.8843 
9.8892 
9.8933 

9.8934 
9.8953 

9.8983 
9.9019 
9.9027 
9.9037 
9.9060 

9.9065 
9.9066 
9.9077 
9.9079 
9.9081 


0707  9 . 9084 

0707  9 . 9084 

0691  9.9092 

0681  9.9097 
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Right  Awenston, 
Jan.  1,  1850. 

Annual   i  North  Polar  Dlat.J 

An^ 

No. 
20 1 

B.A.C. 

CoMtdlation. 

Umg. 

Tariatioa. 

■      Jan.  1,  1890. 

VaraCM. 

I166 

25  Tauri, 

V 

3 

3  38  34.56« 

1         »• 
+3.552 

66  21   46.7* 

-11.56 

202 

1 168 

26  Eridani, 

v 

5 

39     3.23 

2.83o 

10a    34    32.2 

11.61 

2o3 

1 174 

3o  Tauri, 

e 

5 

4o     2 . 99 

3.279 

79  19  ao.7* 

11.45 

204 

1 1 76 

27  Tauri, 

5 

4o  i5.o9* 

3.552 

66  24   35.0* 

ii.ii 

2o5 

X181 

27  Eridani, 

r» 

4i 

4o  23.78 

2.582 

ii3  4i  43.0 

10.97 

206 

II9I 

28  Eridani, 

t' 

5 

4i   12, 59* 

2.577 

ii4  20  34.4* 

ii.i5 

\iOJ 

II97 

Reticnli, 

4 

42  19. 71 

0.703 

i55  16  46.5 

ii.i7| 

208 

1 199 

Eridani, 

5 

43     3.90 

2.220 

128    4  5i.8 

ii.ifl 

209 

I20I 

Eridani, 

v« 

4 

43  5o.3o 

2.233 

126  39  26.5 

ii.iS 

2IO 

I203 

Camelopardi, 

5    . 

44  i3.8i« 

5.197 

27  22  26.5* 

11.25 

211 

1207 

44  Pereei, . 

C 

3i 

44  42.86^ 

3.755 

58  33  59. 4* 

II. li 

212 

I2II 

Cassiopee, 

5* 

45  i3.24* 

+9.565 

9  43   36.5* 

ii.ttl 

2l3 

I2l5 

Hydri, 

5 

46  10.10 

— 0.445 

162  a3   54.8 

11.06 

2l4 

I216 

32  Eridani, 

5 

46  45.82 

+3. on 

93  24     6.8 

1 1. 01 

21^ 

I2I7 

33  Eridani, 

T* 

5 

47  20.24 

2.556 

ii5     3  4o.4 

io.S< 

216 

I2I9 

45  Pereei, 

e 

3^ 

47  48. o5* 

3.997 

So  25  43.6* 

10.91 

217 

1220 

Eridani, 

v" 

5 

47  55.89 

2.277 

ia5  10  44*4 

lO.M 

21S 

1228 

46  Pereei, 

^ 

5 

49  14.57 

+3.869 

54  38  43.9 

10.79 

219 

I23o 

Hydri, 

7 

3 

49  39.76 

— i.o38  164  4i   53.0 

I0.S7 

220 

1234 

34  Eridani,* 

7 

2^ 

5i     1.93* 

+2.796 

io3  56   19.7* 

10.60 

221 

I24I 

35  Tauri, 

X 

4 

52  22.49* 

3.3i5 

77  56   i5.8* 

10.61 

222 

1243 

36  Eridani, 

T» 

5 

53  31.92 

2.555 

ii4  26  42.0 

10. Ss 

223 

1245 

35  Eridani, 

5 

53  56.19 

3.o34 

91   58  27.3 
84  25  5i.o 

10.43 

224 

I25l 

38  Tauri, 

V 

5 

55  10.90 

3.185 

10.3$ 

22$ 

1254 

47  Pereei, 

A 

4^ 

55  25. 82* 

4.431 

4o     3  4i.5* 

10. 3i 

226 

1257 

37  Tauri, 

A» 

5 

55  5o.o3* 

3.534 

68   19  57.3* 

10.  «; 

227 

1259 

Reticuli, 

6 

5 

56  23. 4i 

0.954 

i5i   49  34.7 

'      9-99| 

22S 

1266 

48  Pereei, 

c 

5 

57  4? •24* 

4.326 

42  4i   35.9* 
i52   34  42.5 

10.  li!. 

229 

1270 

Reticuli, 

7 

5 

58  44.36 

o.83i 

I0.2i> 

23o 

1271 

Reticuli, 

I 

5 

58  54.05 

0.986 

i5i    3o     3.7 

9.95 

9-^ 

23l 

1287 

5 1  Pereei, 

f^ 

4^ 

4    3  53.99* 

4.372 

4i    58  39.0* 

232 

1290 

38  Eridani, 

o» 

4* 

4  32.7.7 

2.922 

97    i3  58. 0 

9.7^ 

233 

1291 

52  Pereei, 

/ 

5 

4  41.49 

4.059 

49   54     8.8 

9.60 

234 

1299 

llorologii. 

6 

5 

5  47.66 

a.  027 

i32   23   14.5 

9.65 

235 

i3ox 

Persei, 

b' 

5 

6  58.98 

4.481 

4o     4  47.0 

9M 

236 

i3o3 

39  Eridani, 

A 

5 

7  15.73 

2.85i 

100  37  57.8 

9.39 

237 

i3o4 

49  Tauri, 

M 

5 

7  23. 5i 

3.25o 

8t    29   i4.2 

Q.4i 

:    5.9i 

238 

1 309 

4o  Eridani, 

0» 

4^ 

8  22.16 

2.763 

97   53  23.5 

239 

i3i5 

llorologii, 

a 

5 

9       2.23 

1.992 

i32   39  57. a 

i     9w 

1  240 

1 

1 326 

52  Tauri, 

^ 

5 

11     8.i5 

3.673 

63     0  44.3 

9.131 

24 1 

1 328 

54  Tauri, 

7 

n 

II    1 5. 75* 

3.407 

74  44  at. I* 

9.ii 

242 

i33i 

Dorados, 

7 

4 

12     6.08 

1.556 

i4i   5a     0.4 

9.ii 

243 

i333 

4 1   Eridani, 

^^ 

3^ 

12  12.96* 

2.264 

124  fo     6.4* 

9«" 

244 

1 336 

0%        M          . 

Reticuli, 

a 

3i 

12  3o.33 

0.745 

i52  5i      4. a 

9.<^ 

245 

I  344 

Reticuli, 

t 

5 

i3  54.12 

1.008 

149  39  53.9 

8.5J 

246 

1 346 

61  Tauri, 

«P 

4 

i4  17. 36* 

3.45o 

72  48  5o.i« 

8.91 

■  ^     lloroloffii, 
64  Tauri, 

5 

i4  3a. 37 

1.907 

i34  37  48.9 

8.8t 

<J» 

4i 

i5  27.26* 

3.45i 

7a  54  »9.a* 

6.63 

e 

5 

16    0.90 

0.683 

i53  37  10.4 

«j» 

.  5 

4  16  4q.oi* 

,+3.464 

71  aS     9.T    • 
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M«. 

Log. 

UbiuoT 

a 

A         1         * 

d 

a- 

A-        )        c-        1         d- 

aoi 

+8.6244 

+8.7734 

+0.5500 

+8.3375 

-8.8488 

-9.3655 

—  I  .o646 

+9.9.15 

303 

s.sose 

8.7466 

o.45i3 

-7.9335 

-9.7791 

+  9-099' 

1.0634 

9-9131 

3o3 

8.5900 

8.7449 
8.7755 

0.5.55 

+  7.8578 

-9.4387 

-9.0263 

1 .0607 

9-9134 

904 

8.6.97 

o.55ot 

+  8.2220 

-8.84=6 

—9.3602 

1.0601 

9.9.37 

ao5 

8.6197 

8.77G, 

o.4i3u 

—8.2338 

-9.8615 

+  9.3616 

1.0597 

9.9139 

ao6 

8.6197 

8.7793 

o.4ro5 

-8.3343 

-9.8659 

+9-3704 

1-0575 

9.9150 

e.9548 

9.1190 

9.8293 

— 8.9i3o 

-9.9689 

+9.7105 

..o544 

9.9.64 

aoH 

8.8453 

0.3433 

-8.4682 

-9.9303 

+9.5403 

1 .0534 

9.9174 

309 

8.6676 

8.8380 

o.35i4 

—  8.4436 

-9.9257 

+  9.5340 

9.9184 

8.9083 

9.0802 

0.7171 

+8.8557 

+9.730. 

-9.6954 

1.0492 

9.9189 

an 

8.6384 

8.8123 

0.5740 

+8.3557 

+  8.7993 

—  9.4628 

..0478 

9.9195 

9.3404 

9.5i63 

+0.9805 

+9.334. 

+  9.8733 

—9.7379 

1.0464 

9.9301 

al3 

9.0848 

0.2647 
8.7467 

—9.6488 

—9.0639 

-9.9668 

+9.7306 

i.o436 

9.93.3 

314 

8.5644 

+0.4777 

-7.3377 

-9.6838 

+8.5i3o 

..0419 
1 .o4o3 

9.9=31 

ai5 

8:6049 

8.7896 

o.4o6. 

-9.8737 

+9-3650 

9.9338 

316 

8.6736 

8.86o3 

0.O0.7 

+8.4778 

+9,2999 

-9,5409 

I .0389 

9.9234 

317 

8.647S 

8.835o 

O.3580 

-8.4o83 

-9.9231 

+9-4968 

1.0385 

9.9=35 

aie 

8.6449 

8.8376 

+0.587G 

+  8.4073 

-1-9. 1243 

—9.4949 

1 .0347 

9.9351 

319 

9.>338 

8.5640 

9.3280 

—0.0197 

-9. .,81 

-9.9671 

+9-7.56 

1.0335 

9.9256 

8.764a 

+0.445G 

-7-9458 

-9.7958 

+9-1089 

,.0394 

9.9373 

331 

8.5567 

8.7625 

0.5203 

+7.8768 

-9.3927 

-9.0433 

1 .0353 

9.9389 

8.5843 

8. 7949 

0.407. 

-8.30IO 

-9.8736 

+9.3363 

9.930a 

=a3 

S.54j5 

8.7549 

0.4816 

—7.0796 

-9.6657 

+  8.3555 

I.02o5 

9.9307 

3=4 

8.54o4 

8.758, 

0.5037 

+7.5374 

-9.5427 

1.0.66 

9.933. 

325 

8.7389 

8.9477 

O.G465 

+8.6.28 

+9-5748 

—9.5975 

.-0.59 

9.9324 

S2fi 

8.5681 

8.7886 

0.547= 

+8.1354 

-8.9390 

-9.8797 

..0.46 

9.9329 

=  27 

8.8604 

9.0833 

Itll 

— 8.8o57 

-9.9829 

+0.6558 

9.9335 

8.6988 

a. 9377 

+8.565. 

+  q.hg8 

-9.5734 

1.0084 

9.9351 

3  =  9 

8.8637 

9.0968 

9.9274 

— 8.8i2o 

-9.985, 

+  9.65i3 

1.0053 

9.9361 

33o 

8.8478 

9.01.6 

9.9749 

-8.7917 

-9.9850 

+  9.6465 

i.oo4S 

9.9363 

all 

8.6845 

8.9403 

o.04o5 

+  8.5557 

+9.5561 

-9.5571 

0.988. 

9.9417 

al3 

8. 5. II 

8.7698 

0.4657 

-7. 6. II 

-9.7330 

+  8.7837 

0.9859 

9.9434 

333 

8.6a35 

8.8828 

0.608a 

+8.4334 

+9.366. 

—9.4932 

0.9854 

9-94a5 

33i 

8.6349 

8.899Q 

o.3oo8 

—8.4636 

— g.9603 

+9.508. 

0.9816 

9-9437 

335 

8.6903 

8.9600 

o.65o3 

+  8.574. 

+  9.5962 

-9.5590 

0.9774 

9-9449 

33fi 

8.5o57 

8.7766 

0.4548 

—7.7717 

— 9.770B 

+8.9403 

0.9765 

9-9453 

337 

8.5o35 

8-774° 

o.SiiS 

+7.6728 

-9.475^ 

-8.844. 

0.9760 

9.9453 

all? 

8.4983 

8.7743 

0.4634 

-7.6359 

-g-74.3 

+8.8079 

0.9725 

9.9463 

339 

8.6353 

8.9044 

0.2967 

-8.4564 

-9.9633 

+9.4989 

0.9701 

9.9470 

ojo 

8.5343 

8.8330 

0.5654 

+8..9.1 

+8.3279 

-9.317. 

0.9635 

9.9490 

341 

8.4993 

8.7887 

0.5309 

+  7.9.96 

— 9.s66a 

—9.080. 

0.9630 

9.949a 

343 

8.6900 

8.9833 

0.191. 

—8.5857 

-9.9863+9.5524 

0.9589 

9.9500 

343 

8.5634 

8.8563 

0.3544 

-8.3.19 

— 9.9344!+9.4o57 

o.958.i 

9.9501 

344 

8.8198 

9. ..So 

9.8721 

-8.769. 

—9.9964+9.6045 

0.9574 

9.9504 

b45 

8.7705 

9.0733 

O.OI13 

-8.7065 

-9.9963+9.5860 

0.953. 

9,9517 

346 

8.49=^ 

8.7958 

0.5367 

+  7.9627 

-9.1761  —9.1190 

0.9507 

9.9531 

347 

8.6.9. 

8. 9239 

0.2760 

—8.4658 

-9.9733+9.4941 

-9.  .787  -9.  .132 

0.9497 

9-95a3 

a48 

8.4875 

8.7967 

0.5365 

+7.9557 

0.9462 

9.953= 

349 

8.8lSn 

9.1399 

9.81.4 

—8.7703 

-9.9991+9.5940 

D.9440 

9-9537 

35o 

+8.4833 

+8.799, 

+o.i38i 

+7.9634 

-9..5.4!-q...8i 

—  O.H&,Q0 

w^.^^«^ 

i* 

Table  XXX. 


Oatalooos  op  1500  Stars. 


No. 

O.A.C 

MM 

"iSLffSi"'' 

virSl. 

"Ti-'.tr^ 

vSi 

a5i 

1367 

69  Taari,               «■ 

4     .7     3O.30- 

+3.579 

67  3i   53.1* 

-  e.H 

aSa 

1370 

73  TiMiri,               T 

18     6.11 

3.380 

75  37  iB.i 

*H 

253 

1372 

43  Endani, 

18  24.35 

3.a54 

lai  33    lo.o* 

ej, 

254 

1376 

74  Tauri, 

31 

ig  51.70* 

3.494 

71      9   aS.i* 

t.ti 

355 

i3ao 

77  Tauri,                 »■ 

4t 

38     0.55* 

3.4.S 

74    33    3l.5* 

e.4] 

a56 

i38i 

78  Tauri,                 €• 

4t 

20     6.18- 

3.4.. 

74  a8     o.o* 

».ji 

s57 

1383 

Heticuli,             ? 

20  .6.9: 

0.619 

1 53  44  34.4 

*-71 

aSa 

1409 

86  Tauri,                 p 

3.40. 

75  38   33. o* 

2i9 

.4i3 

Cttli,                   6 

36  14.77 

1. 841 

i35   16  41.7 

96a 

1419 

47  Eridani, 

a6  58.33* 

3.8SS 

98   32  57.7* 

:-9». 

a6i 

td30 

87  Tauri,                 a 

27  19.1a* 

3.43S 

73  47  49-o» 

7.:*! 

262 

1421 

88  Tauri,                 rf 

27  34.85 

3.365 

80    9     4.7 

7.SJ 

263 

■  422 

50  Eridani,             V 

4i 

37  37-56 

3.35. 

.20     4  ao.5 

7-M. 

264 

1439 

48  Eridani,              f 

28  49.69 

l:^i 

93  39  46.8 

7-77 

265 

.433 

53   Eridani,             «' 

3t 

29  43.40 

130  53   a3.7* 

7-*J 

366 

1434 

90  Tauri,               e' 

39  46. 7S 

3.35o 

77  47   39.8 

7.6s 

267 

i438 

Doradtts, 

3o  45.81 

i.aSglaS   ai   a5.4 

:.ci 

i6ti 

i44i 

53  Eridani, 

3i   18.87 

3.746 

io4  36     3.0 

T-i< 

3S9 

U42 

93  Tauri,                 c' 

3i   4a. 69* 

3.336 

78     6      ..a 

7-^7 

270 

1449 

94  Tauri,                 r 

33  14. 84* 

3.592 

67   20     8.4* 

7-4i, 

271 

i45i 

54  Eridani, 

33  53.01 

3.623 

109  57  43.3 

7.1; 

272 

1456 

35  31.65* 

4.960 

33   3a   58.0* 

7-0* 

273 

1458 

Cli,     '^      '      a 

4i 

35  43.95 

1.930133     9     9.0 

7-'<' 

274 

.464 

Ceii,                  ^ 

36  45.55 

3.tl3'l27    36   s5.3 

-.it 

27S 

1469 

57  Eriilani,            ^ 

38     0.43 

3.ooi|  93   33     0.3 

7.0J 

276 

1473 

Pictoria,             i 

38  55.97 

i.53iii4o  45  55.1 

:.rf 

>77 

1474 

9  Camelopardi.     a 

39     9.42* 

5.906,  23   55   13.7' 

6.95 

278 

i486 

I  Orionis, 

4r  42\i5 

3.25B 

83   18   18.7 

6-T 

279 

1491 

a  Orionia,               :r' 

43  a6.6l 

3.272 

8.    2,   4.-7 

*.« 

3S0 

.49S 

3  Orioiiis,             T> 

43   i3.3o 

3.194 

84   39  aa.8 

6.M 

28: 

iSoo 

4  Orionis,              0' 

44     3.06* 

3.388    76     0   i4.&* 

f.iT 

2S2 

i5o4 

7  Camnlopardi, 

45  16.57 

4.7851   36   39  41.4 

6.ii 

293 

.507 

61   Eridani,             u 

45  31.69 

a. 9461  95  42  98.7 

6.I1 

234 

i5.4 

8  Ononis.              tt" 

41 

46  aG.5i 

3.123    87  49  33.4 

6.3! 

285 

1 530 

3  Aurjge,              1 

47  I3.87* 

3.895    57     4  37.7* 

6.ii 

286 

1 525 

9  Orionis.              0' 

47  56.48* 

3.370    76  43   38. o* 

6.,f 

2S7 

i53o 

4  AurigK, 

49    4.77 

4-4.0S8    5a   =0  3o.9 

6.0 

288 

i532 

Mer>», 

49  35.09 

—3.333166   34   39.9 
+5.3o3    29  47     5.2- 

SH 

2S9 

1536 

10  Camelopardi,     f? 

4i 

5o     5.73 

6.M 

390 

1 540 

7  Auripe,              I 

5.  ,2.9'.- 

4.291    46  a4   ie.7« 

S.,J 

29: 

i54i 

8  Aurigff,              ( 

53     o-ri* 

4.tBi    49     8   56.9* 

5.» 

292 

1 544 

63   Kridani, 

5a  44.67 

3.840.0^39    ■  =  .? 

5.» 

393 

i546 

II   Camelopardi, 

53     7.18 

5.184    3i   i4  39.5 

5.7* 

2,4 

i55i 

102  Tauri,                 I 

41 

54     S.oa* 

3.581    68  37   45. S* 

5.«i 

395 

■  553 

65  Eridani.            i. 

54  10  og 

3.906   97  a3  53.8 

5.«t 

ao6 

■554 

9  AuripB, 

54  56.43 

4.678    38  36  37.7 
3.434   74  48  34.9- 
4.19S   48  5S  98.;* 
9.438n6  «9  =6.7 

5U; 

..  Orionim 

56    0.07* 

IS 

'Anri«,              , 

56    o.3o* 

56    3.90 

i.it 

"'■ 

4  57  55. o3 

+Q.671I  10  57  >4.a 

—  5.4» 
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No. 


LopirithiM  of 


Lo|(arithmii  of 


e 


s5l 

a52 
353 

a54 
355 

a56 
a57 
358 
359 
a6o 

a6i 

962' 

363 

364 

365 

366  > 

367 

s6d 

369 

370 

271 
373 
973 

374 
375 

37G 
377 
278 
379 
380 

381 
382 
383 

384 
385 

386 
387 
388 
389 
390 

391 
392 
393 

394 
395 

396 
397 
398 
399 
3oo 


+8.4948 
8.4712 
8.5396 
8.4743 
8.4662 

8.4656 
8.8029 
8.4416 
8.5762 
8.4252 

8.4364 
8.4248 
8.48o3 
8.4i3o 
8.4744 

8.4177 
8.6485 

8.4i5o' 

8.4o83| 
8.4265' 

8.4i55 
8.6385 
8.5095 

8.4747 
8.3690 

8.5624 
8.7543 
8.3520 
8.35oo 
8.3427 

8.3494 
8.5551 
8.33o2 
8.3232 
8.3944 

8.3260 
8.4090 
8.9397 
8.6o53 

8.4348 

8.4111 
8.2925 
8.5679 
8.3073 
8.2798 

8.4760 
8.3797 
8.3866 
8.3i20 
4-8.9725 


+8.8i3i 
8.7933 
8.8631 
8.8o5o 
8.7976 

8.7974 
9-1356 
8.7999 
8.9391 
8.7920 

8.8o5o 
8.7939 

8.85o4 
8.7895 
8.8557 

8.7993 

9.0354 
8.8o48 
8.8oo3 
8.8269 

8.8194 
9.o5i6 
8.9238 
8.8948 
8.7963 

8.9951; 
9.1884 
8.8010 
8.8o35 
8.8010 

8.8127 
9.0261 
8.8027 
8.8oi5 
8.8777 

8.8x38 
8 . 9042 
9.4372 
9.1073 
8.9442 

8.9257 
8.812:) 
9.0903 
8.8367 
8.8094 

9. Olio 
8.8222 
8.9292 
8,855o 
-I-9.5289 


+0.5526+8.0771 


0.5289 
o.35ii 
0.5421 
0.5327 


+7.8659 
— 8.2913 
+7.9835 
+7.8965 


0.5324+7.8934 
9.7873—8.7556 


0.5299 
0.2629 
o.46o3 

o.535o 
0.5 I 64 


+7.8409 
— 8.4277 
— 7-5974 

+7.8821 
+7.6580 


0.3726" — 8. 1802 
0.4759 — 7.2184 
0.3678—8.1846 

0.5235  +7.7428 
0.1074— 8.5638 


0.4390 
0.5227 
o.555o 

0.4181 
o . 6949 
0.2881 
o.325o 
0.4762 

0.1S60 
0.7708 
0.5077 
o.5i35 
o.5o36 

0.5297 
0.6797 
0.4689 
0.4940 
0.5903 

0.5277 
+0.6078 
—0.3555 
+0.7242 

0.632I 

0.6208 
0.4524 
0.7144 
o.553o 
o.463o 

0.6701 
o.534c 
0.6221 
0.3856 
+0.9879 


—7.8165 
+7.7226 
+8.0I23 

—7.9488 
+8.5595 
—8.3363 
-8.2585 
—7.1588 

-8.45i5 
+8.7153 
+7.4186 
+  7.5266 
+7.3118 

+7.7329 
+8.46o3 
—7.3279 
+6.9056 
+8.1296 

+7.6870 
+8.1950 
—8.9277 

+8.5438 
+8.2734 

+8.2267 
— 7.5526 

+8.4999 
+7.8689 
—7.3896 

+8.3689 
+7 .6980 
+8.2038 

—7.9614 
+8.9645 


—8 

—9 
—9 
-9 
-9 

-9 
— o 

—9 
—9 
—9 

—9 
—9 
-9 
-9 
—9 

-9 

r° 

i~9 

1-8 

—9 
+9 
-9 
-9 
-9 

— o 

+9 
-9 
-9 
-9 

—9 
+9 
-9 
—9 
+9 

-9 

+9 
— o 

+9 

+9 
—9 
+9 

-8 
—9 

+9 
-9 

+9 
-9 

ll±9 


7521 
2929 
9386 
0723 
2401 

2438 

0223 
2797 
981  I 
7526 

2047 
4319 

9224 
6920 
9275 

3597 
00  34 

8i5i 
3683 
6274 

8606 
7309 
976b 

9604 
6909 

000  5 
8337 
5o68 
4583 
5367 

2842 
7020 
7211 
5991 

1816 

3098 
3771 
0119 
7869 
5371 

47^1 
7788 

7736 

7372 

7434 

6807 

2225 

4823 
9123 
9363 


h' 


—9 
—9 
+9 
—9 
—9 

—9 
+9 
—9 
+9 
+8 

-9 

—8 

+9 
+8 

+9 

—8 

+9 
+8 
—8 

-9 

+9 

-9 

+9 

+9 
+8 

+9 

-9 

—8 

—8 
—8 

-8 

-9 

+8 
—8 

—9 

—8 

-9 

+9 
-9 
-9 

-9 

+8 

—9 

-9 

+8 

zi 

—9 

+9 
-9 


2189 
0282 
384i 
1357 
o562 

o534 
5775 
0029 
45i2 
7686 

o4o6 
8276 
2935 
3936 
2943 

9090 
4946 
9783 
8892 
i535 

0979 

4777 
3824 

3344 
3341 

4286 
4993 
5917 
6978 
486o 

8959 
4io8 
5oi8 
o8i4 
2296 

85i3 
269C 
4696 
4i6o 
3093 


-0.9388 
0.9357 
0.9346 
0.9287 
0.9281 

0.9278 
0.9270 
0.9058 
0.9018 

0.8987 

0.8971 
0.8967 
0.8958 
0.8904 
0.8863 

0.8861 
0.8816 
0.8790 
0.8772 
0.8699 

0.8669 
0.8589 
0.8579 
0.8528 
0.8465 

o.84i8 
o.84o5 
0.8273 
0.8233 
0.8191 

o.8i46 
0.8078 
o . 8064 
0.8012 
0.7967 

0.7925 
0.7859 
0.7839 
0.7798 
0.7730 


d' 


2816 

0.7681 

7214 

0.7635 

39or. 

0.7612 

oi4i 

0.7547 

5621 

0.7545 

34o2 

0.7495 

8587 

0 . 7426 

2575 

0.7435 

0893 

0.7421 

4195 

(— 0  .^ac^i 

+9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 


9 
9 
9 
9 


9 
9 
9 
9 


9549 
9556 
9559 
9572 
9573 

9574 
,9575 
9619 
9626 
9632 

,9635 
9636 
,9637 
9647 
9654 

9654 
9662 
9669 
9669 
.9681 

9686 
9698 
,9700 
9707 
9716 

9723 
9724 
9742 
9746 
9753 

9757 
9765 
9767 
9772 

9777 

9783 

9789 
9791 

,9795 

9801 

9806 

.9810 

9812 

9818 

.9818 

9833 
9828 
9838 
9839 


\ 
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AL0Q1IB  OP  ISOO  Stars. 


No. 

B.  A.C 

M«. 

Rlihl  AirtniFlon. 

viSHSl 

N«Ull>olutM«.. 
Jan.  1.  IBM 

vtK 

3oi 

3oj 
3c>3 
3o4 
3o5 

1573 

1575 
i587 
1 568 
.59. 

Celi,                  r" 

a  Leporis,              c 
MeriBK, 
67  Eridnni,             p 
i5  Ononis, 

5 
i 

a 

3 
5 

4   "9      otso 

0  as. 73 

1  7.04' 

+  a.'i53 
+3.538 
—  1.533 

+3  .94s 

3.43« 

.35  4i   39.3 

iia    34    34. 1* 
i65    10      3.1 
95   17      A-7 
74  35  56.4* 

-  5.» 
5.11 

3o6 
3o7 
3o8 
3^9 
3io 

1600 
1603 
1608 
i6i> 

69  Eridani,            A 
Doradlls,            f 
11   Auripc,              p 
3  Leporia,              l 
17  Ononis,             p 

4 

5 
5 

41 
5 

I   5a. a6 
a  56.53 
3  .0.09 
5  ,8. ,7 
5  a7..6 

98  57     ..7 
147  io  iS.a 

5.  4i  55.8 
loa     3   .3.7 

67   19   18.7 

5^ 

4.J 
4.11 

3ii 

3l3 

3i3 
3,4 
3i5 

i6(a 
i6i3 
t6i4 
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o.io3i 

9.9991 

368 

7.7107 

8.9142 

0.3237 

-7.4781 

—9.9713 

+8.563I 

0.0979 

9.9992 

369 

7.5793 

8.8268 

o.5iio 

+6.6877 

—9.4803 

— 7.8601 

o.o54o 

9.9993 

370 

7.8386 

9.0780 

o.o3i9 

—7.7482 

— 0.0298 

+8.6696 

0.o522 

9.9993 

371 

7.8o5o 

9.o568 

0.6925 

+7.7145 

+9.7459 

—8.6570 

0 . 0498 

9.9993 

372 

7.7728 

9.0353 

o.i3i3 

— 7.6702 

— 0.023l 

+8.6342 

0.0390 

9.9994 

373 

7.6353 

8.9039 

0.3376 

— 7.38II 

—9.9621 

+8.4766 

o.o33i 

9.9994 

374 

7.6732 

8.9733 

0.6437 

+7.5221 

+9.5999 

—8.5483 

0.0016 

9.9995 

375 

7.6703 

8.9810 

0.6483 

+7.5266 

+9.6187 

—8.5451 

9.9910 

9.9995 

376 

7.5838 

8.9222 

0.6111 

+7.3653 

+9.4120 

—8.4426 

9.9634 

9.9995 

377 

7.4951 

8.8369 

+0.4366 

—6.8848 

—9.8233 

+8.0474 

9.9599 

9.9996 

378 

7.8689 

9.23o5 

—8.8248 

—7.8327 

— 0.0371 

+8.6018 

9.9402 

9.9996 

379 

7.4429 

8.9119 

+0.3272 

— 7.2047 

— 9.9693 

+8.2926 

9.8329 

9.9998 

38o 

7.2383 

8.83oo 

0.5 182 

+6.4623 

— 9.4i56 

— 7.6322 

9.7104 

9.9999 

38 1 

7.3343 

8.9584 

0.2629 

—7.1666 

—9.9991 

+8.2081 

9.6780 

9.9999 

382 

7.2243 

8.85oo 

o.55oi 

+6.7518 

—8.8561 

—7.9017 

9.6764 

9.9999 

383 

7.1991 

8.8607 

0.5617 

+6.7957 

—7.5798 

— 7.9350 

9 . 64o6 

9.9999 

384 

7.1889 

8.85i2 

o.55i5 

+6.7258 

— 8.8007 

—7.8745 

9.6398 

9.9999 

385 

7.2638 

9.1114 

0.7235 

+7.1967 

+9.8012 

— 8*.o853 

9.4547 

0.0000 

386 

6.4745 

8.8385 

0.5345 

+5.8812 

—9.2162 

—7.0427 

8.9382 

0 . 0000 

387 

+6.2787 

8.8388 

0.4336 

— 5.6896 

— 9.83o5 

+6.85o8 

—8  .-7421 

0.0000 

388 

— 7.1065 

9.1254 

o.73i5 

—7.0442 

+9.8126 

+7.9188 

+9.2834 

0 . 0000 

389 

7.2796 

9.2768 

0.8209 

— 7.25o8 

+9.8937 

+7.9740 

9.3o5o 

0 . 0000 

390 

6.941 1 

8.9229 

0.3127 

+6.7229 

— 9.9780 

— 7.8000 

9.3204 

0.0000 

39  K 

7.0102 

8.8374 

0.5327 

— 6.4010 

— 9.2423 

+7.5635 

9.4749 

0.0000 

392 

7 . 3960 

9.1460 

0.7434 

— 7.3401 

+9.8276+8.1941 

9.5523 

9.9999 

393 

7.1245 

8.8266 

o.465i 

+6.1797 

— 9 .  7362  — 7 .  353o 

9 . 6000 

9.9999 

394 

7.2892 

8.8843 

o.583o 

— 6.9822 

+9.0626 

+8.0978 

9.7070 

9.9999 

395 

7.2632 

8.8583 

0.5594 

—6.8469 

—8.243© 

+7.9885 

9 . 7070 

9.9999 

396 

7.5579 

9.1126 

0.7243 

—7.4912 

+9.8022 

+8.3784 

9.7473 

9.9998 

397 

7.3437 

8.8263 

0.4661 

+6.3794 

—9.7323 

—7.5529 

9.8194 

9.9998 

398 

7.6005 

8.9105 

0 . 3289 

+7.3601 

—9.9682 

—8.4491 

9.9917 

9.9995 

399 

7.7748 

9 . 0094 

0.6652 

— 7.655o 

+9.6765 

+8.6449 

0.0670 

9.9993 

4oo 

—7.6407 

+8.8578 

+0.5594  — 7.325l   1 

— 8.2406 

+8.3665 

,+o.cAtC5» 

vV^.^t^<x 
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No. 

B.  A.  cJ              CooateUation. 

1 

Mag. 

Rtcht  Aaeenaion, 
Ian.  1,  1850. 

Anmial 
Variatkm. 

North  PoUrDist.. 
Jan.  1.  1830. 

'viSL' 

1 
4oi 

3o5i 

I  Canis  Majoris, 

C 

1 
2^ 

A*      991*          9* 

6  i4  33.41 

+2.3o4 

0       '         -» 
120      0      1.6 

'  1 

■+  i.3», 

4oj 

3061 

3  Canis  Majoris, 

/? 

2^ 

16    5.79* 

2.643  107   53      8.o« 

i.ii' 

4o3 

ao66 

3  Canis  Majoris, 

4 

16  38.09 

3.197  123    31    So.i* 

I. Si 

4o4 

3090 

18  Geminonim, 

V 

4 

30     3.35» 

3.566 

69  4i   53.3* 

1.75, 

3095 

Camelopardi, 

5^ 

30  35. i5 

10.447 

10  17  1S.9 

2.4l 

io6 

3096 

ArgAs, 

a 

I 

20  87.46 

i.33o 

i42  36  56.4 

iM 

407 

3109 

Canis  Majoris, 

4^ 

23    36.75 

3.324 

122  29  18.4 

«•«•! 

.oS 

3126 

l3  Monocerotis, 

5 

34  47 •56 

3.347 

82  33  4i.6 

a.iy 

409 

3l33 

4  Canis  Majoris,  f 

5 

25  36.53 

2.5ox 

ii3  18  48.6 

s.t3 

4io 

3i37 

Puppis, 

z 

5 

36    6.46 

1.432 

i4o     8  13.9 

a.S» 

1 

4ii 

2157 

5 1  Cephei, 

5 

88  33. 88* 

30.728 

2  44  38.8* 

1 
2.5e 

,  4l2 

3i5d 

Canis  Majoris, 

5 

28  33.65 

3.093 

126     7  23.3 

a.4i 

4i3 

3169 

5o  Aurige, 

5 

38  36.89 

4.294 

47  23     5.6 

a.S5 

:4i4 

3160 

5  Canis  Majoris, 

^ 

5 

38  46.49 

2.523 

XX2  5o  55.7 

a.i5 

4i5 

3i63 

24  Geminonim, 

r 

2i 

39     3. 73* 

3.469 

73  28  39.4* 

1 

4i6 

3171 

7  Canis  Majoris, 

V* 

5 

3o     8.5i 

3.617 

109     7  52. 0 

1 

417 

3176 

Carine, 

5 

3 I  4o.ii 

i.3i4  i4a  5i   17. 1 

«.:«i 

4i8 

3182 

55  Aurigtt, 

5 

33     9.67* 

4.377    45  ao   i5.6* 

2.6i' 

419 

3i83 

Arg<&, 

V 

3 

33  10.35 

1.834  i33     3  59.5 

1.13 

420 

3193 

Puppis, 

V 

5 

34  38.54 

1. 616 

i38     5   19.3 

3.05 

421 

3194 

27  Geminonim, 

e 

3 

34  42.I3* 

3.700 

64  43  32. 7* 

3.0S 

422 

2198 

42  Camelopanli, 

5 

35  16.87 

6.3o2 

22  16   19. I* 

J.r 

423 

3306 

3 1  Geminonim, 

^ 

4 

36  52.23» 

3.374 

76  56  52. ©• 

3.3* 

424 

2209 

43  Camelopardi, 

5 

37  3o.i9* 

6.537 

20  56  48. !• 

5.r 

425 

2210 

Camelopardi, 

5 

38     6.33 

8.868 

12  5o  39.7 

3.35 

426 

23l3 

9  Canis  Majoris, 

a 

I 

38  32. 39* 

3.646 

106  3o  5o.6* 

i.Sfr 

427 

2216 

17  Monocerotis, 

5 

39    11.23 

3.370 

81   48   18.7 

3.^1 

42S 

2322 

18  Monocerotis, 

5 

4o    3.48 

3.137 

87  25  4o.3 

3.5i 

429 

2223 

58  Aurige, 

5 

4o    9.38* 

4.249 

48     2  53.5* 

3.61 

43o 

333l 

Puppis, 

X 

5 

42  i3.34 

2.049 

127  45   57.2 

'•^ 

43i 

2237 

34  Geminonim, 

e 

5 

42  53.88» 

3.963 

55  5i   49. 2« 

3.;^ 

432 

2246 

1 3  Canis  Majoris, 

K 

4 

44  i4.33« 

3.342  132    20     23. 0* 

ZM 

433 

3248 

1 5  Lyncis, 

5 

44  16. 56* 

5.237    3i   23    17.9*, 

4.o3 

434 

3352 

Canis  Majoris, 

5 

45    25.24 

3.187  *24  II  44.6  ; 

i.od 

435 

3356 

Argils, 

T 

4 

46  13.94 

1.490 

i4o  26   17.5 

4.a 

436 

3S59 

Carinae, 

B 

5 

46  35.07 

1.379 

i43  26  54.4 

4.i3 

437 

3360 

Pictoris, 

a 

4 

46  39.00 

0.611  i5i    46  53.6 

S.TS- 

43S 

2364 

1 4  Canis  Majoris, 

e 

5 

47  i3.4i 

3.791 

loi    5i   17.7  1 

4.U. 

439    2267 

16  Canis  Majoris, 

0» 

4 

47  54.73 

3.492  ii4     0     0.1 

i.i5 

44o 

3374 

20  Canis  Majoris, 

L 

4i 

49  36.89 

2.676 106  5i  48.9 

i.s.' 

44 1 

2393 

21  Canis  Majoris, 

e 

2^ 

53  43. 89* 

1 
2.360118  46  17. 4*! 

iM 

442 

2295 

Puppis, 

t 

5 

53  55.64 

2.195I123  54  4o.5 

i^i 

443 

23o5 

43  Geminonim, 

c 

4 

55  12. 58* 

3.567   69    12  52. 5« 
2.391  117  43  23.7* 

AM 

444 

2309 

22  Canis  Majoris, 

3i 

55  44.79 

iM 

445 

33i8 

24  Canis  Majoris, 

o» 

4 

56  45.80 

2.5o7  ii3  37     1.4 

4.9: 

446 

2319 

23  Canis  Majoris, 

7 

4 

56  58.36 

S.718 loS  a4  56.7 

i.9« 

ii7    a:«o6  | 

Camelopardi, 

4i 

69  1 I . 96* 

x3.i46 

7     19        «•<>•: 

S.U 

Puppis, 

c 

5 

69  17.78 

1. 911 

i3a     7     8.6 

S.it 

A.anff», 

5 

7     X   10.84* 
7     I  35. 20* 

4.145 

5o  a6  95.9* 

5.3* 

*»Mn, 

T 

5 

4-3.831 

59  3o  5a. !• 

+  S.\i 
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No. 

4oi 
4o2 
4o3 

4o4 
4o5 

4o6 
407 
4o8 
409 
4io 

4ii 

4l2 

4i3 

4c4 
4i5 

4i6 
417 
4i8 

419 
4ao 

431 
423 
433 

434 
425 

436 
427 
428 
429 
43o 

43z 
433 
433 

434 
435 

436 

437 
438 

439 
44o 

44i 
443 
443 

444 
445 

446 

447 
448 

449 
45o 


Lo((«rithnui  or 


I 


-7.6890 
7.6916 
7.7626 
7.7933 
8.5248 

7.9942 
7.8913 
7.8609 
7.9082 
8.0727 

9.2387 
8.0111 

8.0524 
7.9571 
7.9440 

7.9663 
8.1821 
8.1176 
8.1193 
8.1769 

8.o46i 
8.4309 
8.0399 
8.4826 
8.6957 

8.0659 
8.0592 
8.0645 
8.1938 
8.1889 

8.1757 
8.1800 
8 . 3905 
8.2006 
8.32i5 

8.3541 
8.4549 
8.1442 
8.i8o3 
8.1736 

8.3392 
8.a645 
8.23o8 
8.2586 
8.25i3 

8.a3o8 
9.1262 
8.36i6 
8.3592 
-8.3i36 


+8.8855 
8 . 8444 
8.9010 
8.85oi 
9.5703 

9.0389 
8.8957 
8.8250 
8.8582 
9.0143 

o.i4o4 
8.9133 
8.9537 
8.8560 
8.8387 

8 . 8448 
9.0388 
8.9676 
8.9557 
8.9942 

8.8626 
9.2401 
8.8296 
9.2648 
9.4709 

8.836o 
8.8220 
8.8177 
8.9458 
8.9186 

8.898^ 
8.8890 
9.0991 
8.8978 
9.0109 

9 . o4oo 
9.1401 
8.8240 
8.8536 
8.8328 

8.8695 
8.8932 

8.84o4 
8.8639 
8.8485 

8.8a63 
9 . 7042 
8.9390 
8.oaii 
+8.8726 


I 


+o.36i8 
0.4216 


+7.3880 
+7.1789 


0.3410I+7.5029 
0.5519—7.3336 
1.0173—8.5178 

O.I232  +7.8943 
0.34701  +  7.6214 

o.5iii — 6.9730 
0.39761+7.5056 
0.1702  +7.9579 


1.4879 


—9.2382 


0.3227, +7. 7816 
0.6326— 7. 883o 
0.4000  +7.5463 
0.5396  — 7.3979 


0.4168 
0.1214 
o.64i4 
0.2634 
o.2o36 

0.5676 
0.7991 
0.5285 
o.8i4o 
0.9471 

0.4281 
o.5i33 
0.4955 
0.6288 

0.3l22 


+  7.4818 

+8.0836 
— 7.9645 
+7.9536 
+8.0486 

—7.6765 
—8.3972 
—7.3938 
— 8.4529 
—8.6847 

+7.5196 
— 7.2i3i 
— 6.7165 
—8.0189 
+7.9760 


0.5978  — 7.9248 
o.35o2  +7.9083 
0.7178  — 8.3217 
0.3384+7.9503 
0.1717  +8.2085 


o.ii54 
9.7997 
0.4465 
0.3959 
0.4273 

0.3731 
0.3416 
0.5519 
0.3781 
0.3986 

0.4335 
I.II85 
0.2792 
0.6166 
+0.583I 


+8.2589 
+8.3999 
+7«4569 
+7.7896 
+7.6361 

+7.9216 
+8.0111 
—7.7808 
+7.9263 
+7.854I 

+7.6554 
— 9.1227 
+8.1882 
—8.1632 
—8.0179 


Logarithms  of 


A' 


— 9.9419  — 8.5oi6 
—9.8570—8.3335 
— 9.9595  — 8.6008 

-8.7882+8.4818 


+9.9555 

-0.0232 
■9.9545 

■9.4794 
—9.8986 
— 0.0173 

+9.9869 

—  9.9710 
+  9.5470 
—9.8949 
-9.1268 

—  9.8662 
— 0.0218 

+  9.5881 


+8.9458 

—8.8537 
—8.7235 
+8.1454 
—8.6447 
—8.9408 

+9.0944 
8.865o 
+8.9259 
—8.6869 
+8.5557 

—8.6333 
— 9.0406 
+8.9926 


—9.9968  — 8.9934 
— 0.0110  — 9.0495 

+8.4728+8.8089 
+9.8751  +9.1520 
—9.3008 +8.5585 
+9.8844+9-1822 
+9.9370+9.2078 

— 9 .  8429  — 8 .  6774 
—9.4609+8.3848 
-9.5903  +7.8922 
+9.5258  +9.0664 
— 9.9755  — 9.o5oo 

+9.2838+9.0188 
—9.9502  — 9.0112 
+9.7866  +9.2145 
— 9 .  9590  — 9 .  o44o 
— o.oi36  — 9.1887 

-0.0192  — 9.2100 
-0.0287  — 9.2507 
-9.7964  — 8.6236 
-9.9000  — 8.9264 
-9.8443—8.7931 

— 9.9289  — 9.o4o5 
— 9 .  9558  — 9 . 1 062 


■8.7860 
■9.9220 
■9.8954 

— 9.83oo 
+9.9560 
— 9.9869 
+9.4465 
+9.0611 


+8.9277 

—9.0494 
— 8.992a 

— 8.8i56 
+9.4o38 
— 9.3345 
+9.2264 
4-9.1394 


+0.1048 

0.1484 
0.1627 
0.2437 
o.255o 

0.2558 
0.2957 
0.3355 
0.3495 
0.3579 

0.3971 
0.3967 
0.3975 
0.3999 
o.4o4o 

0.4200 
o.44i3 

0.4479 
o.46i3 

0.4800 

0.4807 
0.4879 
0.5069 
o.5i42 

0.5210 

0.5259 
0.5331 
0.5423 
0.5435 
o.565i 

0.5719 
0.5852 
0.5855 
0.5965 
0.6039 

0.6073 
o . 6079 
o.6i3i 
0.6193 
0.6328 

o.66o3 
0.6619 
0.6799 
o.684o 
0.6917 

0.6932 
0.7096 
0.7103 
0.7345 
+0.7363 


rf' 


+9.9991 

9-99^9 
9.9989 

9.9983 

9.9983 


9 
9 
9 
9 
9 

9 
9 
9 
9 
9 


.9982 

•9979 
.9975 

9973 
.9972 

.9966 
9966 
9966 
9966 
9965 


9.9962 
9.9958 
9.9957 

9.9954 
9.9950 

9.9950 
9.9948 

9.9944 
9.994s 
9.9940 

9.9938 
9.9936 
9.9933 
9.9933 
9.9936 

9.9924 
9.9919 
9.9919 
9.9914 
9.9911 


9 
9 
9 
9 
9- 


9910 

9904 
9907 

9904 
9898 


9.9884 
9.9883 
9.9873 
9.9870 
9.9865 

9.9864 
9.9853 
9.9853 
9-9^43  I 
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No. 

B.A.C 

Jif. 

'^*riMi"'"' 

VWlluaD. 

Noftii  Four  DUL 
Jan.  i.  ISM 

r*Tr, 

45i 

a345 

35  CwteMajorU, 

J 

31 

7    a  17.61* 

+3.441 

116      9    3i.i- 

+  %.% 

45!i 

3  34? 

iS  LyncM, 

3  47 -Ss* 

5.377 

3o      6     10.4* 

^t 

453 

a35' 

Puppis, 

A 

3  48.85 

2.007 

139   aS      3.7 

5.W 

454 

a3S8 

22  MoDocerotta, 

4i 

4    13.37 

3.069 

90   14   56-7 

IM 

455 

336a 

5 1  Geminomra, 

4  45.34' 

3.454 

73  35  a8.9» 

S.M 

456 

a379 

Lyncia, 

7    e.75 

4.581 

4o  16   3o.5 

s-n 

457 

a38o 

Puppia, 

E 

7  17.85 

1.986 

i3o   ti   5o.4 

5.11 

458 

a38i 

64  Aurigte, 

7  35.89* 

4.19- 

48  5i   31. 5* 

5.11 

459 

2388 

37  Cania  Mnjoria 

4t 

g    8.47 

a. 446 

116     5  49.5 

5.« 

46o 

»389 

Puppia, 

I 

6  16.64 

..676 

136  3o  46-0 

6.« 

45 1 

939a 

Pnppia, 

L' 

8  44. 3o 

1.808 

i34  55  33.0 

6.(1 

45a 

a398 

54  Gemboram, 

>. 

41 

9    38.32- 

+3.458 

73  M    37.7* 

^■! 

463 

a4oo 

Voknlia. 

Y 

5 

>o     0.38 

-0.47a 
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0.5603 

-8.3.49 

—8 

0969 

+9.3448 

I.0058 

9.9360 

5.7 

8.5543 

8 

7837 

0.4379 

+8.0637 

—9 

8378 

— 9.3i5o 

. .0088 

9.9350 

5iS 

8.7039 

8 

9*:4 

0.3663 

+  8.5674 

—9 

9643 

-9.5780 

..0168 

9.93SI 

5,9 

8.7040 

e 

93i3 

0.3669 

+8.5674 

—9 

9643 

-9.578. 

1.0.69 

9.9330 

Sao 

8.559. 

8 

7699 

0.4406 

+  7.9816 

—9 

8088 

-9.1419 

i.oa.7 

9.9303 

5ai 

8-9703 

9 

1838 

9.3705 

+  8.9439 

-9 

9776 

— g.6go3 
-9.487. 

1.0347 

9.9991 

533 

8.6367 

8 

84i6 

0.3547 

+  8.400. 

—9 

9373 

I-OS59 

9.9286 

533 

8.8373 

g 

q3o3 

-8.7567 

+  9 

60.6 
456a 

+  9.6545 

1-0S7: 

9.928. 

534 

8.5555 

8 

758i 

o!5?36 

—7.7795 

—9 

+8.9494 

..0376 

9.9280 

535 

8.7889 

8 

9746 

0.6633 

—8.6953 

+9 

63i4 

+9.6436 

..0390 

9.933. 

536 

8.7033 

8 

8875 

0.0.69 

-8.54.4 

+9 

4319 

+  9.5768 

1.0399 

9.9129 

5a7 

8.6559 

8 

83,5 

0.3536 

+8.4373 

—9 

9365 

-9.5.0. 

..o4.. 

9.92-4 

538 

8.0444 

8 

e.7S 

0.373. 

+8.3756 

—9 

9.00 

-9.4773 

..o483 

9.9193 

539 

8. 8938 

9 

0576 

0.7057 

-8.8365 

+9 

7108 

+  9.6953 

1.0547 

9.9.63 

53q 

e.75.4 

8 

9>46 

0.3663 

+8.6336 

"9 

9557 

-9.634. 

I.055. 

9.9.61 

53i 

8.8695 

9 

0265 

0.0944 

+8.8037 

-9 

9670 

—  9.6903 

..0593 

9.9'4« 

53a 

8.9703 

9 

iao6 

+0.7390 

—8.9298 

+9 

7530 

+9.7=" 

I.0638 

9.91.0 
9.9103 

533 

9.3188 

9 

3643 

-o..58a 

+9.3065 

—9 

95oe 

-9-7535 

534 

9.1335 

9 

3647 

-9.6586 

+9.1039 

—9 

9554 

-9.7480 

1.0698 

9.9088 

535 

8.9779 

9 

ii63 

+9.8343 

+8.9374 

-9 

9618 

-9 .  7390 

1.0717 

9.9078 

536 

9.3437 

9 

3783 

-o.=o37 

+9.3334 

—9 

946. 

—9.7607 

..074a 

9.9065 

537 

a.9735 

9 

099a 

+0.7385 

-B.9393 

+9 

7330 

+9.7338 

..0793 

9.9037 

538 

8.6103 

S 

7364 

o.5o33 

-7.0453 

—9 

5383 

+  8.8.88 

..0860 

9.8999 

S39 

8.6.16 

8 

7330 

0.497= 

-7-4403 

—9 

5794 

+  8.6i54 

..0880 
..093S 

9.898. 

540 

e.7463 

8 

85ao 

0.3338 

+8.5757 

-9 

9303 

— g.6196 

9.B960 

541 

8.7041 

8 

8036 

0.370. 

#.9.40o3 

-9 

9045 

-9.5509 

1  -  0969 

9.8933 

543 

8.6533 

8 

7494 

0.5433 

-8.3360 

—9 

o4oa 

+e!e3?8 

1.0978 

9.8936 

543 

8.6334 

8 

7.64 

0.4973 

-7.4587 

—9 

5793 

1.0996 

9.89,5 

544 

8.7811 

8 

8741 

0.3986 

+8.6389 

—9 

9353 

-9.6558 

..<oo3 

9.89,0 

545 

8.8373 

8 

9389 

O.3360 

+8.736, 

-9 

9447 

-9.6977 

1.(0.. 

9.8905 

546 

8.6467 

8 

7377 

0.5343 

-8..5a7 

-9 

3093 

+  9.3o53 

...0.5 

9.8903 

547 

8.9169 

9 

oo3i 

o.ii5i 

+8.B509 

-9 

9477 

-9.7360 

i..o4i 

?.e885 

548 

B.70.. 

8 

7867 

0.3S.S 

+  8. 433. 

—9 

8934 

-9.5345 

I. 1047 

9.6881 

549 

8.68O0 

8 

77>4 

0.5634 

-8.3757 

-6 

3oio 

+  9.4933 

..io48 

9.8880 

550 

-8.63a5 

+8 

7.33 

+r,.5o47 

-7.7163 

-9 

5383 

+8  .ftftqi 

-Vv  .\o-A^ 

sir'^-'*»fe-^> 

f 


ooqI 

106  1 

atoS  1 

7" 

" 

571 

3iii 

:>7» 

3i35 

&,:( 

3i3G 

574 

3r36 

l7i 

3i4o 

576 

3i46 

^77 

iu^ 

i7a 

S79 

3i6i 

3iG3 

58. 

3177 

Ml 

3178 

3.8G 

hHA 

3187 

bSi 

3.9b 

586 

3.99 

bHj 

33o4 

32i3 

5^9 

3j  =  i 

Sgc* 

3aLi3 

5q. 

3aa6 

5q^ 

33la 

ii,') 

3a4a 

594 

3a4Q 

!>9i 

3>49 

Sqfl 

3a5o 

597 

32b7 

5qa 

33(3  [ 

i„ 

3369 

J  Hjdre,  /J 

Areito,  i 

VewTum,  « 

CariM.  / 

ChBnwleontis,  if 

>  Hydne,  f 

i  Vrea  Majoria,  p 
)5  Cancri,  o 

C^arin*.  »■ 

13  UnHEMsjorw,  < 

11   UroD  Majurtn,  o' 

Cirini,  i" 

i3  Ursa;  Majorii,    o' 

1 5  Urs«  Majoris,  / 
i4  Uti™  MajoriB,    r 

Veionim,  e 

7Q  Caneri,  c 

Valiuitia,  a 

16  rrnw  MajoriH,    c 


Velorum,  / 

Argils,  ^ 

4o  Lyncis,  o 

Argtis,  , 

Vclorum,  K 

MaJi,  A 

Dranonis, 

s3   UrBffi  Majorb,  h 

3o  Hydne,  a 

JIydi«, 

34  UisK  Majaria,  rf 

aS  Vnx  Majori*,  6 

i  Leonis,  <l 

S  Leonis,  f 

Arg^,  1^ 

10  Lennis  Minoris, 

^'eloru^l,  N 

Carina,  h 


OP   1500   Stars. 


4o  33.66 
40  56.75 
43  49.93 

46  17.84 

47  37.90 
4a  54.53' 

49  56. 3o 

50  ;e.7i' 
5o  53.07- 


57  7.36< 

58  I 5. 49 

53  39,38 
58  59.47 
5,  37.,a' 


9  .9:8. 
9  4a. 55 


3.G82 


i5  54.60 
17  38.39 
19  38.53' 
3.94' 

1-989 
a«  7-77*,  '  "■" 
33  47- se- 
as 9.a6'  3.44 
93  39.13    [.3i8 


33  51.37' 


83  36  39.5 

44  9  38.6 
35  S9  43.6 


4i  fla  34-4' 
21  47  !9-9 

77  33  53.6' 
47  37  37-7' 


5.553 
3.393 

3.93; 


3.655 

5.407 
4.aB7 
5.044 
3.034 
S.aG: 


0.962  i55  47  54-3 
4-8441  37  57  Si.o' 
a.303!i33   49  45.7 


3.i3i 
1.563 
1.354 
3.763 
3.37 


,345 


59  6  o.G 
54  58  37.9 
48   38   49.6 


95  35  7.7 
19  3o  54.9' 
37   3S   33.1' 


13.38 
13.76 
13.49 

t3.6o 
13.89 


.4.3. 

14.39 
i4.4i 
t4.59 
■4.49 

li.tjd 

14.97 
14.63 


i5.d3 
14.96 


iS.U 
i5.5i 

ii.58 
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No. 

55i 

Logaritluns  of                              | 

Logarithma  of                              | 

a 

b 

e 

d 

a' 

h' 

c      1 

«r 

—8.6358 

+  8.7IOI 

8.^397 

+o.5o3i 

—7.6832 

—9.5393 

+8.8556 

+I.1II4 

+9-8835 

553 

8.8657 

0.2189 

+8.7745 

—9.9414 

—9.7183 

I.1II6 

9.8834 

553 

8 . 7884 

8.8610 

o.3o8o 

+8.64i6 

—9.9287 

—9.6634 

1 .1124 

9.8837 

554 

8.8932 

8.9585 

+0.1919 

+8.8129 

— 9.9402 

—9.7341 

I.II66 

9.8797 

555 

9.3430 

9.3951 

—0.2573 

+9.3341 

—9.9138 

— 9.8i3o 

I.I24I 

9.8740 

556 

8.65II 

8.6987 

+o.5o3o 

—7.7059 

— 9.5400 

+8.8791 

I. 1266 

9.8720 

557 

8.83x2 

8.8732 

0.6227 

—8.7065 

+9.4396 

+9.7037 

1.1397 

9.8695 

558 

9.0817 

9.1237 

0.7440 

— 9.0495 

+9.7313 

+9.7593 

X.1397 

9.8695 

559 

8.6645 

8.7014 

0.5169 

—7.9976 

—9.4336 

+9.1634 

I.I335 

9.8671 

56o 

8.7869 

d.82i5 

0.5984 

— 8.6i55 

+9.3418 

+9.6601 

I. 1337 

9.8661 

56i 

8.9441 

8.9695 

O.I685 

+8.8756 

—9.9379 

-9.7679 

I.I386 

9.8618 

562 

8.8328 

8.8580 

0.6171 

— 8.7021 

+9.3918 

+9.7059 

I.I388 

9.8617 

563 

9 . 0806 

9 . 0990 

0.7322 

— 9.0462 

+9.6994 

+9.8o56 

1. 1423 

9.j8585 

564 

8.9472 

8.9634 

0.1757 

+8.8780 

—9.9347 

— 9.7730 

I . 1434 

9.8575 

565 

8.7774 

8.7888 

0.5852 

—8.5767 

+9.o58i 

+9.6430 

I. 1459 

9.855i 

566 

9.0894 

9.1003 

0.7331 

—9.0558 

+9.6974 

+9.8103 

I . i463 

9.8549 
9.8538 

567 

8.8827 

8.8893 

0.6334 

—8.7805 

+9.47*9 

+9.7439 
+9.8007 

^.1484 

568 

9.o3o5 

9.0362 

8.8375 

0.7017 

—8.9846 

+9.6543 

I.I488 

9.8533 

569 

8.8337 

o.3i6o 

+8.6943 

—9.9106 

— 9.7083 

X . 1498 

9.85x4 

570 

8.6811 

8.6826 

o.5i3i 

—7.9721 

—9.4583 

+9.1398 

i.i5io 

9 . 85oa 

57. 

9 . 0608 

9.0605 

9.9857 

+0 .  0208 

— 9.9153 

— 9.8097 

I.x5i8 

9.8494 

572 

9 . 0069 

8.9976 

0.6842 

— 8.9530 

+9.6174 

+9.8001 

I.I563 

9.8448 

573 

8.8127 

8.8o33 

0.3432 

+8. 645 1 

—9.8997 

—9.6865 

I.X564 

9.8447 

574 

9.1922 

9.1743 

9.3448 

+9.1704 

— 9.8991 

-9-8365 

i.i6o5 

9.8404 

575 

8.9208 

8.9005 

0 . 64o6 

—8.8322 

+9.4939 

+9.7708 

I. 1616 

9.8391 

576 

8.6860 

8.6612 

0.4939 

—7.3967 

— 9 . 6000 

+8.5733 

X.1638 

9.8367 

577 

8.9664 

8.9398 

0.X998 

+8.8q65 
+8.9567 

— 9.9090 

—9.7935 

I.I646 

9.8358 

578 

9.0120 

8.9821 

O.I386 

— 9.9067 

—9.8086 

1.1661 

9.8341 

579 

8.7908 

8.7548 

0.5756 

—8.5746 

+8.8261 

+9.65o6 

I. I 690 

9.8307 

58o 

8.7942 

8.7573 

0.3739 

+8.5830 

—9.8798 

— 9.6559 

1.1693 

9.83o3 

58i 

9.1419 

9.0981 

9.8588 

+9.1x23 

— 9.8928 

—9.8407 

X.1735 

9.8365 

582 

8.7816 

8.7364 

o.568o 

— 8.54o4 

+8.4594 

+9.6398 

1. 1731 

9.8357 

583 

8.9806 

8 . 9309 

0.2068 

+8.9120 

— 9 . 9000 

—9.8044 

1.1751 

9.8333 

584 

8.8927 

8.8429 

0.2998  +8.7796 

—9.8974 

—9.7599 

1.1752 

9.8333 

585 

8.7437 

8.6872 

0.4238 

+8.3750 

— 9.8290 

—9.5071 

X.1781 

9.8194 

586 

9.5559 

9.4979 

0.9695 

— 9.5517 

+9.7730 

+9.8733 

I. 1786 

9.8186 

587 

8.7510 

8.6905 

0.54^9 

— 8.4o54 

—8.9595 

+9.5331 

X.1799 

9.8171 

588 

8.9388 

8.8723 

0.2685 

+8.8488 

—9.8033 

+9.5857 

— 9 . 7903 

1.1824 

9.8137 

589 

9.0613 

8.9865 

0.6825 

— 9.0139 

+9.8363 

I. 1859 

9.8089 

590 

8.7128 

8.6358 

0.4698 

+7.8569 

—9.7153 

—9.0387 

I. 1868 

9 . 8076 

591 

8.7107 

8.6331 

0.4756 

+7.6858 

—9.6935 

—8.8599 

I. 1870 

9.8073 

592 

9.1861 

9.io56 

0.7389  —9.1604 

+9.6603 

+9.8604 

1.1883 

9.8055 

593 

8.9267 

8.8397 

0.6200 

—8.8253 

+9.3740 

+9.7873 

1.X909 

9.8017 

594 

8.7511 

8.6628 

0.5366 

—8.3540 

—9.1590 

+9.4931 

I. 1914 

9.8008 

595 

9.0762 

8.9865 

0.1202 

+9.0309 

—9.8790 

—9-8444 

1.19x9 

9.8001 

596 

8.7337 

8.6326 

o.5ii8 

— 8.o4o3 

—9.4684 

+9.3068 

I. 1935 

9.799a 

597 

8.83o2 

8.7355 

0.3752 

+8.6366 

—9.8660 
+0.4900 

—9.6981 

I . 1940 

9.7970 

598 

8.8i4o 

8.7184 

0.5685 

— 8.5940 

+9.6731 

I. 1943 

9.7965 

599 

8.9751 

8.8731 

0.3610 

+8.8956 

—9.8789 

— 9.8i5o 

I. 1968 

9.7036 

;|6oo 

1 — 9.oo6fl 

+8.8908 

+o.34o5 

+8.9372 

—9.8734 

— q.a^o-^ 

^-4r\  ,^^\^ 
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No. 
6oi 

IS.  A.  v/. 

CoastellatioD. 

Mag. 

Riflit  ABceosioQ, 
Jan.  1, 1850. 

Anmud 
Variatioa. 

NocthFolairDiBt^!  AmM 
Jmn.  1. 1890.     {tbmm. 

33oo 

Velonim, 

M 

4 

A.     fli.            Mt 

9  3i  27.89 

+3.167 

i3d  4i     4.2 

+16.081 

602 

33o3 

35  Hydrae, 

i 

5 

32  11.75 

3.073 

^0  27  53.9 

i6.ii^ 

6o3 

33ii 

38  Hydre, 

« 

5 

33     7.26 

3. 881 

io3   39   i3.o 

16.0J 

6o4 

33i2 

1 4  Leonis, 

0 

4 

33     8. 53* 

3.328 

79  a5  40.7* 

16.1I 

6o5 

33i5 

28  Urss  Majoris, 

5 

34  19.08* 

4.735 

35  39  37.8* 

16.1S 

606 

3320 

Carine, 

m 

5 

35  11.56 

i.65i 

i5o  89     2*7 

le.fS 

607 

333i 

17  Leonis, 

e 

3 

37  19. 69* 

3.435 

65  3a  16.2* 

16.31 

608 

3346 

29  Urse  Majoris, 

V 

4 

4o  16. 98* 

4.353 

3o  i5  33.0*      i6.d 

609 

3353 

Carinae, 

I 

5 

4i     7.5i 

1.637 

i5i   49    4.4        16.57J 

610 

3358 

3o  Ursie  Majoris, 

^ 

5 

4i  5i.86* 

4.i5o 

35   i4  17.6* 

16.57 

16.56 

611 

3365 

ArgAs, 

V 

3 

43  31. 18 

1.502 

i54  32  38.1 

612 

3371 

24  Leonis, 

A« 

3 

44  i3.4i* 

3.428 

63  17  ai.3*i    16.70 
io4     8  4i.i       i6.tt 

6i3 

3372 

39  Hydrte, 

v» 

5 

44  i5.88 

3.885 

6i4 

34io 

Argils, 

^ 

4 

5i  36.33 

8.093 

143  5i    19.0       16.^ 
81   i4  18.4*     17.05 

6i5 

34i5 

29  Leonis, 

V 

4i 

53    17. 01* 

3.183 

616 

3446 

21  Leonis  Minoris 

i 

5 

58  34. r4* 

3.571 

54     I   35.i*i    17.31 

617 

3453 

3o  Leonis, 

V 

3i 

59    8.85» 

3.385 

73  3o  29.5*     17.31 

618 

3457 

3 1  Leonis, 

A 

5 

59  56. 27* 

3.194 

79  «6     9.5*     17.41 

619 

3458 

1 5  Sextantis, 

5 

10    0  15.59 

3.077 

89  38  26.0  I    I7.3J 

620 

3459 

32  Leonis, 

a 

I 

0  22. 74* 

3.206 

77   18     6.8* 

17.39 

621 

3473 

4 1  Hydrae, 

X 

41 

3  16.75 

3.927 

loi   36  5i.S 

17. io 

622 

3495 

Ursae  Minoris, 

Sk 

6  58.81* 

10.207 

4  59  29.4*1    17.73 

623 

3496 

32  Ursae  Majoris, 

5 

7    4.60 

4.468 

a4     8  46.3*     17.71 

624 

35o5 

33  Ursae  Majoris, 

A 

31 

8     1.86* 

3.659 

46  30    20. o*-     IT. 77 

625 

35o8 

36  Leonis, 

C 

4^ 

8  20.43 

3.355 

65  5o   i3.6 

17.70 

626 

3509 

Velorum, 

9 

4 

8  27.11 

3.5i3 

i3i    22   62.7 

17.91 

627 

35i6 

Argiis, 

0 

4 

10    10. IX 

1.426 

159   17   38. 0 

i:.77 

628 

3523 

4 1  Leonis, 

7 

2 

II  41.78* 

3.322 

69  24      7.0*     I5.0I 

629 

3526 

Carinae, 

q 

5 

12     4.94 

1.986 

i5o  35     2.2        17.^ 

63o 

3528 

Draconis, 

51 

12  i5.65 

8.132 

6  4o  67. 7*      17.95 

63 1 

353i 

Ursae  Majoris, 

5 

i3  i5.2o 

4.445 

o3  4o  38.4        17.98 

632 

3533     34  Ursae  Majoris, 

^ 

3 

i3  22.36* 

3.6i5 

47  44  53.3*      17.69 

633 

3536           Velorum, 

V 

5 

I 3  59.05 

2.239 

i44  16  39.4  1     iS.09^ 

634 

3546 

Velorum, 

T 

5 

1 5    20.25 

3.196 

145   17  27,3       16.34! 

635 

3552 

Velorum, 

r 

5 

i5  54.07 

3.558 

i3o  53  5o.i 

i6.ofi 

636 

356o 

3o  Leonis  Minoris 

} 

4} 

17  18.33 

3.470 

55  26  3i.i 

iS.iS 

637 

3568 

42  Hydrae, 

^ 

4 

18  5o.4o 

3.900 

106     4   19.4        iij.ti 

638 

3572 

3 1   Leonis  Minoris, /9 

4k 

19  11.64* 

3.5o2 

52   3i    33.1        18.161 

639 

3578 

Antliae, 

a 

4i 

20  17.69 

2.736 

120   18   23.4*      iS.UJ 

64o 

358o 

36  Ursae  Majoris, 

5 

20  59.82* 

3. 911 

33   i5     8.1*      i?.i9i 

64 1 

3585 

Carinae 

I 

4\ 

21  24.76 

1.212 

i63  16     7.0        18. si 

642 

3586 

Carinae, 

5 

21  41.59 

1.885 

i54  5a   38.1         16. til 

643 

3589 

Velorum, 

P 

5 

21  5o.35 

a. 227 

i46  52  24.0        i7.9«| 

644 

3594 

Carinae, 

s 

5 

22    32.58 

a.  161 

147  58  25.3        ib.iS 

645 

3607 

Ursae  Majoris, 

5 

s4  27.94 

3.544 

48  48   i5.3        i^.34|' 

646 

3609 

47  Leonis, 

P 

4 

34  54.58* 

3. 171 

79  55  24. ©•      16.391 

Ut 

36io 

34  Leonis  Minoris, 

5 

s4  55.62 

3.459 

54  i4  35.5        18.3^ 

afiial 

37  Uran  Majoris, 

5 

25  37.85* 

3.939 

33    8  49. 3*      r8.3j| 

Carinc. 

P 

4 

s6  43. i3 

3. Ill 

[5o  54  5a. 4        iS.ySl 

41 

10  3o  16.07 

+3.4o3 

57  i4  46.3  U 

ht«^ 

c 
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LD^mnu,  or                        [ 

a 

b 

c 

d 

ft' 

.•          -1 

-S.qoSe 

+8.7850 

+0.3339 

+8.7815 

-9  869= 

-9.7773 

+  l.ao3e 

+9.7808 

6 

7366 

8 ,  6029 

0.4863 

+6.6356 

-9 

6434 

—  7.8.17 

l.ao49 

9.7790 

8 

74o3 

8.6i3o 

0.4589 

+8. 1133 

-9 

75o4 

—9.2770 

t.ao63 

9.771.6 

8 

7353 

8.6079 

0.5078 

-7.9989 

-9 

5009 

+9.1675 

1.3063 

9.7766 

9 

0930 

8.9610 

0.6743 

—9.0479 

+9 

5406 

+9.8605 

1.3079 

9.7736 

1 

o4o4 

8.9049 

0  3317 

+8.9808 

-9 

86.8 

-9-847= 

I. 3091 

9.77.3 

7745 

8.63o5 

0.5347 

-8.39.6 

—9 

1864 

+9.5369 

9.7657 

9 

o353 

8. 8794 

0.6418 

-8.97.7 

+  9 

4408 

+9.8501 

1.3160 

9.7578 

I 

d64G 

8.9053 

0.3173 

+  9.0098 

-9 

8494 

-9.860. 

i.a.71 

9.7555 

9786 

8.8163 

0.6174 

-8.8907 

+  9 

3376 

+9.8379 

I. 2180 

9.7535 

1 

.057 

8.9374 

o.,776 

+9.0608 

^9 

84.4 

-9.8738 

1.3300 

9  ■7-594 

7918 

8.6199 

0.5374 

-8.4445 

—9 

.358 

+9.57.6 

9-7469 

8 

7S6a 

8.5841 

0.4598 

+8.1443 

—9 

7460 

—9.3070 

9. 7468 

8 

98.. 

B.778G 

0.3318 

+8.8883 

—9 

835B 

-9.835. 

I.33o3 

9.7354 

.8 

7S78 

8.55a4 

o.5oa4 

—7.9406 

—9 

54ao 

+9. .1.5 

I.23.0 

9.7=34 

85i6 

8.6194 

0.55.6 

-8.6307 

-8 

7348 

+9.7049 

i.a38a 

9.7036 

78M 

8.5463 

o.5i63 

-8.3590 

—9 

4.93 

+9.4.46 

1.3388 

9.70.7 

7690 

8.5307 

o.5o48 

— 8.o3go 

-9 

5388 

- -9.3075 

1.3397 

9.6993 

76.7 

8.5a3o 

0.4878 

— 6.55g3 

—9 

6344 

+  7.7353 

, .a4oo 

9.6981 

7736 

8.53a4 

o.5q8o 

-8... 47 

—9 

4967 

+9.3800 

..a4oa 

9.6977 

774° 

8.5309 

0.4678 

+8.0779 

-9 

7188 

—9.3450 

I .2433 

9.6860 

839a 

9.5598 

1.0.37 

-9.8375 

+9 

6375 

+9.9433 

..3471 

9.6754 

iS7> 

8.8870 

o.65i4 

~9.>>74 
-S.7496 

+9 

4o5o 

- -9.9053 

1.347a 

9.6749 

0.05 
8(00 

8.6360 

0.5646 

+  8 

oo43 

- -9-7851 

I. 3483 

9.67.5 

8.S34i 

0.5353 

-8.433. 

-9 

3.o3 

+9.5584 

1.3485 

9.6704 

8951 

8.6187 

o.4oi3 

+8.7.53 

-9 

8oa6 

-9.7666 

..,« 

9.6700 

3335 

8 . 939s 

0.1 583 

+9.1945 

— 9 

7669 

-9.919. 

i.25o3 

9.6638 

8oaa 

8.5io8 

o.5i84 

—8.3485 

—9 

391. 

+9.4959 

1.35.8 

9.65«a 

0837 

8.7894 

0.3999 

+9.0237 

-9 

784. 

—9.8900 

1.2533 

9.6567 

7081 

9.4f4o 

0.9158 

-9.7051 

+  9 

6014 

+9.9473 

..,« 

9.656. 

1 

171a 

8.8735 

0.6474 

-9..330 

+  9 

3748 

+9.9139 

1.3533 

9.6524 

9o58 

8.6o65 

o.553a 

-8.7334 

-8 

3900 

+9.7788 

1.3534 

9.65.9 

9 

0094 

8.7073 

o.35o4 

+8.9.89 

~9 

7894 

-9.66.3 

1.3540 

9.6496 

9 

03tS 

8.7139 

0.3463 

+  8.9304 

-9 

7S5o 

-9.8680 

1.3553 

9.6444 

8 

8990 

8.5877 

0.4087 

+  8.7.5. 

-9 

789. 

—9 .  7696 

1.3558 

9.6420 

8 

863. 

8.545o 

0.5403 

—8,6.69 

-9 

0477 

+9.7086 

..357, 

9.6367 

8 

7975 

8.47>9 

0.4633 

+8.3397 

—9 

73B6 

-9.3985 

1.3585 

9.63o6 

8 

8809 

8.5535 

0.5449 

— 8.6650 

-8 

93.0 

+9 -7408 

1.3588 

9.639a 

8 

8453 

8.5i35 

0.4379 

+  8.5482 

—9 

7689 

—9.6605 

,.3598 

9.6248 

9 

o43o 

8.7068 

0.5938 

-8.9654 

+9 

o5oo 

+9.8805 

..a6o4 

9.63.9 

9 

333a 

8.9849 

0.0849 

+9.3044 

—9 

7196 

—9.9397 
-9.9i56 

1.2607 

9.630s 

9 

i547 

8.8i5o 

0.3753 

+0,11.6 
+9.9682 

—9 

7488 

..26.0 

9.6.90 

9 

0453 

8.7047 

0.3463 

—9 

7673 

-9.8819 

..36.. 

9.6184 

I 

0587 

8.7t55 

0.3399 

+8.9870 

-9 

7637 

—9.887^ 

1.36.6 

9.6.63 

9085 

8.5547 

0.5495 

-8.7372 

-8 

7767 

+9.7798 

..3633 

9.6073 

8 

7933 

8.436. 

o.5oo6 

— 8.o35i 

-9 

5524 

+9.3044 

1.3637 

9.6054 

8 

876. 

8.S300 

0.5389 

— 8.643H 

—9 

067. 

+  9.7188 

1.3637 

9.6054 

9 

0599 

8.7010 

0.5937 

—8.9876 

+9 

o354 

+9.8897 

I .364> 

9 . 6o3o 

9 

8.7348 

0.336. 

+9.04.6 

-9 

7459 

-9.9044 

1.2653 

9.5976 

-e 

B649 

+8.4807 

+0.53.3 

—8.598a 

-9 

+^.6q<l\ 

-V-i.  .1^%^ 

W^,vw&> 
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36JJ 
S646 
3647 
3653 
JCSS 

366« 

3685 

36^5 

J71S 
37a4 
3739 
37a, 
37J» 

J742 

3766 

3767 

I    376s 

.  3776 


Vetaram,  p 

3d  Umc  MiyOTu, 
Ume  UMjoria, 

ChatDBlenntis,  y 
1  Leonia  Hinoris, 

Argft*,  f 

ArgflB,  /I 


llyJ~. 


5i  LfODJa. 

4S  Urss  Majoria,  /) 

60  Lbodu,  t 

5o  Ursc  Majuiis,  b 

63  Lponis,  X 

Hydr«,  J* 

I  Van  Majoris,  V 


I  38i5 

■  38ai 

.  3S36 

I  3S34 

>  3S33 


74  LeuaiR, 

53  Urss  Majoris, 

54  Visa:  Majoris, 
iS  Uren  MaJoriB, 

I  Cntleris, 

77  Leonis, 


3S93 
I    3885 


39*= 
39118 
3941 
39^3 


84  Leonii, 

S7  Ijeoois, 

Hydra, 
Hydm, 


I  3o  59.76 
3i  16.67 
3i  39.19 
3s   15.39' 


33  39.04 
37  3a. 86 
37  37.19 
'  39  i5.44 
4a  19.80 

4a  1 3. 55 
44  f9-Ja 

44  54.49 

45  19.44' 
47  »4.97 

5i  aS.35 

Sa  45.41* 
5a  48. 71* 
54  19.03 


E  40.85 
4  '7. "7 
6    7.46' 


a4  50.91 

aS  38.35 
aS  53.66 
29     4.66 


+3.436'i37  a6  48.3 

3.9aolio6  5  56.5 

4-2(41  a3  3a     a.i< 

4.435|  90  8  =8.7' 

*.a44ji4S  34  13.3 

0.733  167  49  48.3 
3.36i|  58  3i  4a-D 
a.iiSiSl  36  33.5 
a.3a5;i4a  53  49. S 
a.56oi38  37  4i.3 


105  9i  37.1 
169  44  57.9 
54  58  39.8' 
46  o  4«.4' 
■48     3  36.9 

64  37  4.4 
107  3o      t.B 

33  48  53.6* 

65  34  4a. 3* 
69     a  56.9 


3.954 
0.63I 
3.379 
3.49< 
3.396 


3.104 
3.319 


3.0 


[i6  39  5.) 
ri6  a8  40.7 
44  4i  19.6' 


113  o  s6.4 
68  39  19.3' 
7345     0.7 


91  i9  57,3 
57  37  36.4 
56  5  16. a 
5o  59  33.x 


i5.4 


3 -990  :o6  5i  36. t 
3.439J  33  19  4i.o' 
3.091!  S6  19  5.9' 
3.671  19  5o  3o.4' 
3.066    93   10  35.9' 


1.964: 
1.941  I 


t8  s6  aa.: 
M      :    39.1 
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^v 

1 

l««>|{anthniii  of 

i 

Logarithinii  of 

No. 
65 1 

a 

b 

:        c 

d 

a' 

y 

c' 

d' 

— 8.9602 

+8.5721 

+o.4oi3 

+8.8374 

-9- 

•7577 

— 9< 

.8337 

+  1.3686 

+9.5783 

652 

8.8079 

8.4182 

0.4661 

+8.25o8 

— 9" 

.7173 

-9 

.4096 

1.2688 

9.5770 

653 

9. 1901 

8.7984 

0.6260 

— 9.1535 

+9- 

.335o 

+9- 

.9293 

I .2691 

9.5753 

654 

9.2543 

8.8593 

0.6466' — 9.2269 

+9" 

.3o38 

+9 

.9400 

I . 2696 

9.5724 

655 

9.0726 

8.6733 

0.3552 

+9.0039 

—9 

.7347 

-9' 

8983 

X.2702 

9.5686 

656 

9.4684 

9.o658 

9.8975+9.4586 

—9 

.6544 

— 9" 

9586 

1.2706 

9.5658 

657 

8.8643 

8.4398 

0.5262  — 8.5820 

—9 

.3700+9. 

.6890 

I .2735 

9.5468 

658 

9.1474 

8.7223 

0.3269  +9.0996 

—9 

.7059—9. 

.9235 

1.2735 

9.5463 

659 

9.0832 

8.6487 

0.3628  +9.0158 

—9 

.7158-9 

.9051 

1.2747 

9.5379 

G6o 

8.9770 

8.5361 

0.4071 

+8.8533 

—9 

.7343 

-9- 

.8485 

1.2754 

9.5323 

66 1 

8.8143 

8.3621 

0.4695+8.3388 

—9 

.7049 

--9- 

.3989 

I .2767 

9.5223 

662 

9.5495 

9.0845 

9.8283+9.5425 

-9 

.5980 — 9. 

.9689 

1.2781 

9.5109 

663 

8.8869 

8.4i83 

0.5279  — 8.6457 

—9 

.2322  +9, 

.7351 

1.2785 

9.5076 

664 

8.9434 

8.4722 

0.5420 — 8.7851 

'-8 

.9538 +9< 

.8182 

1.2788 

9.5o53 

665 

9.0783 

8.5938 

0.3807  +9.0069 

--9 

.6936 

-9 

.9065 

I .2801 

9.4934 

666 

8.8465 

8.36i6 

o.5i45— 8.48i3 

9 

.4io4 

+9. 

,6127 

Z.2801 

9.4930 

667 

8.8354 

8.3075 

0. 4696^+8. 3o35 

-9 

.7000 — 9. 

.4590 
9055 

1.2831 

9.463d 

668 

9.0710 

8.55i2 

0.5647' — 8.9955 

+7- 

.89761+0. 

1.2833 

9.461a 

G69 

8.8o63 

8.2S61 

0.4914—7-6933 

—9 

.6i32+8. 

8681 

1.2833 

9.4609 

670 

8.8356 

8.3o5o 

0.5073  —8.3896 

-9- 

.4829 

+9- 

5359 

I. 2841 

9.45i3 

6*71 

9.1434 

S.Cno 

0.5795  — 9.0905 

+8. 

.7033 

+9. 

.9301 

1.2842 

9.4506 

673 

8.8118 

8.2601 

0.4945; — 7.9632 

— 9- 

.5925+9. 

.1349 

1.2858 

9.4318 

673 

8.^56o 

8.2982 

o.46i3;+8.5o53 

"-9- 

.7054  —9. 

.6333 

1.2862 

9.4261 

674 

8.8563 

8 . 2942 

o.46i6!+8.5o55 

-9- 

7043  — 9. 

.6335 

1.2865 

9.4221 

675 

8.9624 

8.3811 

0.5332—8.8142 

-9- 

,0963 

+9- 

.8374 

1.2878 

9.4043 

676 

8.8608 

8.2774 

0.4619 

+8.53I8 

—9 

.7002 

—9 

.6467 

1.2879 

9 . 4024 

^77 

8.8797 

8.2870 

0.4575+8.5984 

-9- 

.6984,— 9 

.7o5o 

1.2885 

9.3936 

678 

8.843» 

8.2383 

0.4684+8.4175 

-9- 

.6924  — 9 

.56o8 

1.2893 

9.3di5 

679 

8.8427 

8.2220 

o.5o4ij— 8.4037 

— 9- 

.5o43  +9 

.5490 

I .2901 

9.3672 

6S0 

8.8296 

8.2069 

0.4998—8.2765 

-9- 

.5463 

+9 

.4349 

I . 2902 

9.3653 

63 1 

8.85i3 

8.22l3 

o.5o6o  — 8.4591 

-9 

.4833 

+9 

.5962 

X.2906 

9.3585 

6Sa 

8.8i36 

8.1679 

0.4852  +7.5075 

—9 

.6477-8 

.683o 

1.2914 

9.3435 

683 

8.8869 

8.23ii 

o.5i23  — 8.6i56 

-9 

.3997+9 

.7184 

I. 2919 

9.3338 

684 

8 . 8946 

8.2371 

o.5i37  — 8.64i2 

-9 

.38o6.+9 

.7363 

I .2920 

9.3333 

685 

8.9234 

8.2606 

o.5i86 

-8.7334 

-9 

.3o86 

+9 

.7889 

1.2922 

9.3372 

686 

8.8273 

8.i562 

0.4773. +8. 2100 

-9 

.6734 

-9 

.3730 

1.2926 

9.3193 
9.3o5a 

687 

8.8180 

8.1322 

0.4918  — 7.8946 

-9 

.60941+9 

.0676 

1.2933 

688 

9.0435 

8 . 3493 

0.4329+8.9487 

1 
—9 

.6202  — 9 

.8974 

1.2935 

9.2980 

689 

8.8245 

8.1121 

0.4944  — 8'  1187 

-9 

.5888|+9 

.2862 

I . 2943 

9.2796 

690 

8.8329 

8.1010 

0.4809  +8.0642 

-9 

.6626 

9 

.3336 

I . 2945 

9.3704 

691 

8.8354 

8.1098 

0.4765 

+8.2979 

-9 

.6711 

9 

.4549 

1.2947 

9.2668 

692 

9.0765 

8.35oi 

0.5373—8.9985 

-8 

.9353  +9 

.9145 

1.2947 

9.2661 

693 

8.8182 

8.0621 

0.4893 

— 7.6359 

-9 

.6353+8 

.8011 

1.2957 

9.3372 

694 

9.2873 

8.5o57 

0.5653  — 9.2607 

+7 

•7924;+9 

.9676 

I .2964 

9.2126 

695 

8.8184 

8.0344 

0.4861 

+7.3979 

-9 

.6434 

—8 

.5737 

I . 2964 

9.310a 

696 

8.8746 

8.0638 

0.4713 

+8.5535 

—9 

.6574 

-9 

.6737 

1.2971 

9.1841 

697 

8.8861 

8.o652 

0.4699 

+8.5983 

-9 

.6533 — 9 

.7073 

1.3973 

9.1743 

698 

9.i5io 

8.2863 

0.4358 

+0.0977 
+8.0I83 

-9 

.5o8i  — 9 

.9427 

1.2982 

9.i3x3 

699 

8.8253 

7.9580 

0.4832 

-9 

.6530  —9 
.6375|+5 

.1891 

1.2983 

9.1288 

700 

—8.8300 

4-7.9500 

+0.487? 

-4.6517 

-9 

.8378 

^+i,a<^ft^ 

vV^*^-A>.  V 
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No. 
701 

0.  At  C 

3978 

702 

3979 

703 

3981 

704 

3982 

705 

3984 

706 

3990 

707 

3995 

708 

4oo2 

709 

4oi5 

710 

4017 

711 

4o48 

712 

4o52 

713 

4072 

7'4 

4078 

715 

4087 

716 

4090 

717 

4097 

718 

4xo3 

719 

4lI2 

720 

4l30 

721 

4xs3 

723 

4i24 

733 

4i25 

734 

4126 

725 

4127 

726 

4128 

737 

4i3i 

72S 

4i33 

729 

4i45 

730 

4i5i 

731 

4i56 

733 

4i5d 

733 

4169 

7*^4 

4i8i 

735 

4 1 86 

736 

4187 

737 

4191 

73s 

4195 

739 

4196 

740 

4197 

74 1 

4202 

742 

421 1 

743 

42i5 

744 

4224 

745 

4226 

746 

4934 

7i7 

4s35 

Canatellatkm. 


27  Crateris,  ^ 

2  Virginia,  ^ 
63  Ursas  Majoris,  x 

3  Virginis,  v 
Muscae, 


93  Leonis, 

94  Leonis, 
5  Virginis, 

Hydrae, 
64  Ursae  Majoris, 


P 


Chamaeleontis,  e 

8  Virginis,  n 

9  Virginis,  o 
Crucis,  V 
Centauri,  6 


1  Corvi, 

2  CJorvi, 
Centauri, 
Draconis, 
Crucis, 


a 
e 

P 


69  Ursae  Majoris,  d 
4  Corvi,  7 

6  Comae, 

2  Canum  Venat, 

7  Comae, 

Canum  Venat, 

Chamaeleontis,  /9 

Crucis,  C 

i5  Virginis,  v 

16  Virginis,  c 

11  Comae, 
Crucis,  e 

12  Comae, 

1 3  Comae, 
Crucis, 


Crucis, 

a 

x4  Comae, 

1 5  Comae, 

7 

16  Comae, 

Centauri, 

a 

•  Centauri, 

7  Corvi, 

6 

Crucis, 

y 

Muscae, 

y 

8  Corvi, 

n 

Corvi,  p 

Canum  Venat,  0 
5  Draconis,  k 


t 


Mag. 


I 


4 
5 

4 

Ak 

Ak 

4 

si 

3i 

4 


5 

5 

4i 

4i 

3 

4i 

4 

4 

5 

3 

3 
3 
5 
5 

5 

5 

5 

5 

3i 

5 

5 

4 
5 
5 
4i 

I 
5 

4i 
5 

4^ 

5 
3 
2 
4 
4i 

A  . 
3i 

4i 
4 


Rigbt  ABcension, 
Jan.  1, 1850. 


mt         fit*      Mm 

11  37  10.04 

37  33. o3 

38  6.53* 
38  8. 97* 
38  34.44 

4o  14.66 

4i  24 •27* 
42  52.90* 

45  20.47* 
45  55.06* 

52  14.93 

53  ii.i6» 
57  34. 07* 
59  5.65 

12  o  36.54 


o  4i>27 

2  25.25 

3  5o.i5 

5  6.43* 
7  12.68 

7  58. 70* 

8  5.97 
8  22.93 

8  35.84* 
8  44.96 

8  57.48 

9  40.27 
o  20.59 
2  i3.89« 

2  43. 93* 

3  8.i3 

3  18.27 

4  57.61 

6  46.83 
8  i3.i8 

8  18.00 

8  53.77 

9  27.45 
9  29.08 
9  57.03 


20  24.87 
22  6.81 

22  52.84 

23  35. o5 

24  20.93 

a6  30.94* 

36  36. 4o* 
27  3.IO* 

37  22.75 
12  38  18.20 


Annual 
Variation. 


+3.033 
3.097 
3.209 
3.093 
a.  792 

3.107 
3.066 
3.128 

3.014 
3.202 

3.83o 
3.079 
3.064 
3.o4i 
3.070 

3.082 
3.077 
3.090 
3.936 


North  Polar  Dial., 
Jan.  1,  1890.      Vi 


^         '         5 ■ 

107  3o  S8.5    +19.97 
80  64  3o.i       2o.« 
4i   33  30.5*     19.91 
8a   37  49.4*     ao.iC 

i55  53  62.1       2o.o3 


68  56  49.3 
74  35  22. 6* 
87  a3  25. 2* 
123     4  26.5* 
35  a8  16. 8* 


167 

8a 

80 

i53 

139 


23 
32 

26 
46 
53 


ii3  53 

III  47 

i4i  3i 

II  33 


3.128  147  54 


3.016    3a  8 

3.077  '^6  43 

3.o54    74  1 5 

3.o34    48  So 

3.o5o    65  i3 

3.o4i    56  6     2.8 

3.3o4i68  28  46.3 


i3.o 
57. 7* 

1.4 
38.6 

i4.i 

28.0 
4.5 

57.2 
0.3^, 

49.3  I 

I 

30.4  ' 
53.2  t 
i5.9*i 

i4.i  ' 


3.i53 
3.067 
3.049 

3.o36 
3.177 
3.029 
3.022 
3.283 


i53  10  20. 8 
89  49   58. 5* 
85  5i      6.5«. 


7' 

149 

63 

63 

162 


23 

34 

»9 
4 

17 


39.8 
19.6 
i3.3 
5.6 
23.6 


3.25i i52   i5   59.7 

3.oi5    61   53   59.6 

60  53  49.1 

6a   20   33.3 


3.oi5 
3.oo4 
3.018 
3.i85ii39  33   55.8 


3.i55  128  12  37.2 

3.io6jo5  4o  46.5 

3. 275146  16  17.7 

3.460 161  18  i3.a 


i 


3.o83 

3.i3i 
3.865 

2«6lO 

3.oi5 
+3.48I 


io5  21  53.4 


^13  34 

47  49 

19   33 

66  33 

i58  18 


o.i< 
35. 5< 

4.4* 
37.3 
38.7 


19.96 
30.09 
30.36 
ao.oi 
ao.ttij 

I 

30.1» 

ao.ifr 
ao.oSj 

30. si; 

30. iS: 

I 

20.I0| 
30.0^ 

30.o3S 
30. o3 
20.C 


20.10 
20.08 
20.03 

20.0-1 
20.07 

20.:: 
2o.c5. 
20.  i6 
20.07 
20.0^ 

i9.<5 

1       ^w 

30.0: 
SO.  01 

I 
19.9! 

20.01, 

SO.09< 

19.9* 
19.91 

20. sS 
30.11 
so.i} 

19.9^ 

so.  01: 

1 

I9.fii 

'9-9*: 
19.91 

+  «9-?» 
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Vo. 
701 

Logartthnui  of 

Logarithms  of                              | 

a 

b 

c 

d 

fl' 

b' 

c' 

d' 

— 8.84a4 

+7.8422 

+0.4812 

+8.3209 

—9.6471 

—9.4764 

+  1 .3oox 

+8.9977 

70a 

8.8273 

7.8197 

0.4902 

—8.0260 

9.6x60 

+9.  X966 

i.3ooi 

8 . 9903 

703 

9.0016 

7.0829 
7.8061 

0.5072 

—8.8768 

9.3333 

+9.8732 

I . 3oo2 

8.9793 

704 

8.8255 

0.4896 

-7.9337 

9.6214 

+9.1062 

1 . 3oo2 

8.9786 

7o5 

9.21Z0 

8.i83o 

0.4459 

+9.17x3 

9.4190 

—9.9585 

i.3oo3 

8.970X 

706 

8.8523 

7.7889 

0.4935 

— 8.4077 

9.5730 

+9.5538 

i.3oo6 

8.9350 

707 

8.8384 

7-7485 

0.4914 

—8.2628 

9.5987 

■+9.4a3o 

1 . 3oo8 

8.9087 
8.8728 

708 

8.8233 

7.6972 

0.4879 

—7.4816 

9.6336 

+8.6572 

i.3oio 

709 

8.8998 

7.7061 

0.4793 

+8.6368 

9 . 6oo5 

—9.7361 

x.3ox3 

8.8o55 

710 

9.0594 

7.8484 

o.5o32 

—8.9703 

9 . 3o49 

+9.9100 

i.3oi4 

8.7882 

711 

9.4845 

8.0x38 

0.4577 

+9.4739 

9.X065 

—9.9891 

I.3o20 

8.5291 

713 

8.8274 

7 . 3oo6 

0.4880 

—7.9403 

9.6298 

+9.XX27 

X . 3o20 

8.4730 

7i3 

8.83oo 

6.8554 

0.4876 

— 8 . o5o6 

9.6295 

+9.2206 

X.3o22 

8.0254 

714 

9.1786 

+C.7754 

0.4857 

+9.i3i5 

9.2905 

— 9.9528 

X.3022 

+7.5967 

715 

9.0148 

—6.4392 

0.4878 

+8.8984 

9.4434 

— 9.8835 

X.3022 

—7.4244 

716 

8.8628 

6.3401 

0.4875 

+8.4703 

9.5973 

— 9.6075 

I.3o22 

7.4773 

717 

8.8561 

6.8799 

0.4880 

+8.4256 

9.60x1 

— 9.5695 

1.3022 

8.0238 

718 

9.o3oo 

7.2537 

0 . 49 I 2 

+8.9238 

9 . 4098 

—9.8937 

X.3022 

8.2236 

719 

9.5223 

7.8702 

o.466x 

—9.5x34 

9.0362 

+9.99x0 

X.302X 

8.3478 

720 

9.0984 

7 . 5964 

0.4966 

+9.0264 

9.3092 

-9.9278 

I . 3o2o 

8.4978 

721 

9.0978 

7.6398 

0.4766 

— 9.0256 

9.4x55 

+9.9275 

1.3020 

8.54x7 

722 

8.8424 

7 . 3909 

0.4892 

+8.30IO 

9.6079 

—9.4584 

I . 3o20 

8.5482 

723 

8.84o2 

7.4o36 

0.4853 

—8.2735 

9.63x0 

+9.4330 

X.30I9 

8.563X 

724 

8.9491 

7.5236 

0.4809 

— 8.7704 

9.5439 

+9.8209 

1.30x9 

8.5.742 

725 

8.8655 

7.4475 

0.4839 

—8.4879 

9.6x28 

+9.6220 

X.30I9 

8.58x7 

726 

8.9045 

7.4967 

0.4822 

— 8.65o9 

9.5821 

+9.7461 

X.30X9 

8.5919 

727 

9.523i 

8.1482 

0.5247 

+9.5143 

8.6571 

— 9.9908 

x.3ox8 

8.  ('24  7 

728 

9.1690 

7.8238 

o.5o38 

+9.1195 

9.X920 

— 9.9501 

x.3ox8 

8.6543 

729 

8.8233 

7.55x0 

0.4873 

—6.2885 

9.6377 

+7.4646 

x.3ox6 

8.7271 

730 

8.8244 

7.5696 

0.4865 

—7.6838 

9.6403 

+8.8587 

i.3ox6 

8.7445 

731 

8.8466 

7.6053 

0.4836 

— 8.35o8 

9.633o 

+9.5o35 

i.3ox5 

8.7580 

732 

9.1186 

7.8829 

o.5o55 

+9.0543 

9.2299 

—9.9349 

x.3ox5 

8.7636 

733 

8.8719 

7.6872 

0.4810 

— 8.5i:4i 

9.6202 

+9.65x3 

x.3ox3 

8.8x44 

734 

8.8726 

7.7380 

0.4801 

—8.5286 

9.6233 

+9.6549 

i.3oxi 

8 . 8642 

735 

9.i55i 

8.o564 

o.5x49 

+9.X022 

9.XX89 

—9-9457 

X . 3009 

8.8999 

736 

9.1547 

8.0578 

o.5i5o 

+9.1018 

9.XX83 

— 9.9456 

I . 3oo8 

8.9016 

737 

8.8769 

7-7941 

0.4788 

—8.5499 

9.6249 

+9.6716 

X . 3007 

8.9157 

738 

8.8810 

7.8109 

0.4782 

—8.5679 

9.6238 

+9.6854 

X . 3007 

8.9284 

739 

8.8750 

7.8o56 

0.4787 

—8.5417 

9.6272 

+9.665i 

I . 3007 

8.9290 

740 

9 . 0086 

7-9497 

o.5o6o 

+8.8892 

9.3353 

-9.8787 

X .3oo6 

8.9392 

74 1 

8.9269 

7.8778 

o.5oo3 

+8.7183 

9.4564 

—9.7896 

X . 3oo5 

8.9492 

743 

8.8384 

7.8242 

0.4933 

+8.2701 

9.593X 

—9.4298 

X . 3oo2 

8.<;&:;8 

743 

9.0773 

8.0780 

o.5i46 

+8.9972 

9.1989 

-9.9x78 

X .3ooi 

8.<;c;86 

744 

9.3157 

8.3297 

0.5411 

+9.2923 

8.62x2 

—9.9742 

X.2999 

9.0117 

745 

8.8373 

7.8652 

0.4937 

+8.2604 

9.5914 

— 9.4207 

X.2998 

9.0255 

746 

8.8556 

7 . 9209 

0.4962 

+8.4396 

9.55x9 

— 9. 58x1 

1.2993 

9.0624 

747 

8.9511 

8.0179 

0.4669 

— 8.778X 

9.6014  +9.8240 

1.2993 

9.0639 

748 

9.2999 

8.3739 

0.4188 

—9.2745 

9.4067I+9.9716 

I .2992 

9.0710 

749 

8.8583 

7.9376 

0.4773 

—8.4582 

9.6489 

+9.5968 

X.299X 

9.076a 

75o 

— 9.2528 

—8.3467 

+0.5422 

+9.2209 

— 8.661 8I—9. 9648 

+  x.2q8q 

— c^.cw^^cjfe  \ 

480 
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Right  Ascension, 
Jan.  1,  1850. 

Annual 

North  Polar  Dwu, 

_          » 
JLBMH   1 

No. 

75i 

B.A.C. 

Constellation. 

Mag. 

Variation. 

Jan.  I.  1630. 

4a5i 

Centauri, 

T 

5 

k.   m.        $. 
12   29  31.49 

+3.341 

e                        " 

137  4a  49.2 

75a 

4257 

a  6  Virginis, 

X 

5 

3i   30.74 

3.094 

97  «o     7-4 

1    «9-9« 

753 

4a6a 

Centauri, 

5 

3i  46.59 

3.320 

129     9  37.5 

«9-9= 

754 

4a64 

Centauri, 

7 

3 

33  16. 3x 

3.266 

i38     8     6.9 

i^.as 

755 

4368 

29  Virginia, 

7 

4 

34     3. 69* 

3.o4o 

90  37  33.7* 

19.9: 

756 

4*71 

3o  Virginis, 

P 

5 

34  17.41 

3.037 

78  56     9.4 

19.9; 

757 

4a8o 

Musce, 

P 

4 

37     8.73 

3.577 

157    17      8.2 

19.^ 

758 

4289 

Crucis, 

P 

2 

38  59.94 

3.443 

i48  5a     0.4 

19.71 

759 

4390 

27  Comae, 

5 

39     9.07 

3.oo3 

72  36     4.7 

19.7: 

760 

4393 

Octantis, 

I 

5 

39  45.57 

5.396 

174   18  14.1 

1941 

761 

43a  I 

Centauri, 

5 

45     8.75 

3.287 

129  21   43.1 

«9-M. 

762 

4325 

Centauri, 

5 

45  49.29 

3.473 

i46  21   4o.3 

i9.>: 

763 

4328 

35  Comae, 

5 

45  54. 4i* 

2.960 

67   56   19.3* 

»9-^ 

764 

433o 

4o  Virginis, 

^ 

5 

46  33.4i» 

3. 116 

98  43  23.4* 

19.6^ 

765 

4335 

77  Ursae  Majoris, 

e 

3 

47  34.86* 

3.668 

33   i3  3o.6* 

«9.«9; 

766 

4339 

Ursae  Minoris, 

5^ 

47  57. 88* 

o.3o4 

5  45  58.9* 

19.63 

767 

4340 

43  Virginis, 

d 

3 

48    8. 89* 

3.023 

85  47   II. 6*. 

19.71 

768 

4343 

Ursae  Minoris, 

5i 

48    5.49* 

0.288 

5  46   17.0* 

19.60 

769 

4346 

12  CanumVenat., 

a 

2^ 

49     O.I7* 

2.823 

5o  52   13.9*, 

19. 56 

770 

435i 

36  Comae, 

4^ 

5i  3o.25 

3.974 

71  46  48.7 

19.49) 

771 

4353 

Muscae, 

6 

4 

52     2.64 

3.995 

160  44  16.9  i 

,9.ss; 

772 

436o 

37  Comae, 

5 

53     5.57 

3.885 

58  24   i3.4  ! 

19.501 

773 

4366 

78  Ursae  Majoris, 

5 

54  16. 67* 

2.601 

32  49  26.6* 

I9-4S^ 

774 

4367 

47  Virginis, 

e 

3 

54  42.83 

2.993 

78   i3   5S.3 

19M 

775 

4379 

Centauri, 

e 

5 

58  ii.o3 

3.464 

139     6     5.4 

19. fc. 

776 

4384 

1 4  Canum  A^'enat, 

> 

5 

58  43.20* 

2.825 

53  23   5o.6* 

19.39 

777 

4387 

39  Comae, 

5 

59     2.53 

2.932 

68      2   22.6  • 

19.4s' 

778 

4390 

4 1   Comae, 

4 

59  58.69* 

2.888 

61   34     8.4* 

19. 4^ 

779 

4391 

49  Virginis, 

g 

5 

1 3     0     2 . 6o* 

3.137 

99  56   13.7*, 

19.4- 

780 

4395 

45  Hydrae, 

V' 

4^ 

0  59.31 

3.219 

112   18   50.9 

19.41 

781 

44oi 

5 1   Virginis, 

0 

4^ 

2  11.26* 

3. 101 

94  44   12.9* 

19.  > 

782 

44o6 

42  Comae, 

a 

4^ 

2  4i*49 

2.924 

71  4o  33.6* 

19.1: 

783 

4409 

Centauri, 

5 

2  5o.o2 

3.398 

i32  34     4.1 

19. 1( 

784 

44i8 

53  Virginis, 

5 

4    4.93* 

3. 181 

io5  23    17. I* 

19.5- 

785 

4421 

43  Comae, 

/? 

4^ 

4  52.01* 

2. 811 

61   21    37.3* 

iS.JJ 

786 

4436 

Muscae, 

V 

5 

5    9.35 

3.943 

157     5  45.4 

i9.ec 

787 

4433 

Canum  A'enat, 

5 

6  54.62* 

3.734 

49     3     6.7* 

1     «9-s' 

788 

4449 

61   A'irginis, 

4^ 

10  33.88* 

3.129 107   28    3 I. 6* 

1     so.u 

789 

445o 

46  Hydrae, 

7 

4 

10  46.68 

3.247 112   22    3g.5 

1     >9*" 

790 

445 1 

20  CanumVenat, 

5 

10  48.56* 

2.703 

48  3d   I0.5* 

I9.a9 

791 

4456 

21   CanumVenat, 

5 

II  5i.25 

2.571 

39  3i    4i.3 

1     >9*ii 

79a 

4458 

Centauri, 

I 

3 

12  11.09 

3.348:125   55    la.a* 

19.11 

793 

448o 

67  Virginis, 

a 

I 

17  17.79* 

3.i52Jioo  22    36.5* 

iS.y* 

794 

4483 

Octantis, 

K 

5 

17  38.76 

8.075,175     0   5q.7 

19.54 

795 

4484 

• 

79  Ursae  Majoris, 

c 

3 

17  52.63* 

2.437 

34   17   a4.o* 

i?.vi 

V06 

Uwt 

68  Virginia, 

• 

t 

5 

18  48.33 

3.x6i 

loi   55   3o.5  1 

1 
16.9s 

80  Vnm  Majoria, 

g 

5 

19  12.48* 

3. 434 

34  i3  44. o*. 

1S.93 

Centanri, 

Ak 

23    31.97 

3.445 

laS  37  48.8  1 

id.!» 

^--flTina, 

c 

4 

37     3. 24*. 

3.o55 

89  49  38.a*{ 

19.57 

'*-»t. 

5 

i3  aS  18.98*. 

4-3.466 

4o   12  56.5* 

-fiS.fin 
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No. 

75i 

Losar 

a 

b   . 

— 8.9924 

—8.1048 

752 

8.8232 

7.9643 

753 

8.9302 

8.0749 

754 

8.9960 

8.1699 

755 

8.8191 

7 '9944 

756 

8.8272 

8.oo54 

757 

9.23x4 

8.445o 

75s 

9.1041 

8.3392 

7J9 

8.8379 

8.0747 

7G0 

9.8206 

9.0643 

761 

8.9272 

8.2273 

7C3 

9.0717 

8.3784 

763 

8.8482 

8.1557 

7G4 

8.8199 

8.1338 

7G5 

9.0768 

8.3978 

7G6 

9.8123 

9.1393 

767 

8.8x55 

8.X434 

768 

9.8119 

9.1401 

769 

8.9242 

8.26x0 

770 

8.8352 

8.1943 

771 

9.2943 

8.658o 

773 

8.8818 

8.2646 

773 

9.0776 

8.46o3 

774 

8.8206 

8.2069 

775 

8.9937 

8.4078 

776 

8 . 9049 

8.3332 

777 

8.8421 

8.2628 

778 

8.8647 

8.3936 

779 

8.8x54 

8.3438 

780 

8.8422 

8.3776 

781 

8.8092 

8.2536 

78a 

8.83oi 

8.3781 

783 

8 . 9402 

8.3893 

784 

8.8226 

8.3807 

785 

8.8630 

8.3266 

786 

9.3160 

8.6817 

787 

8.9370 

8.4049 

788 

8.8335 

8.3260 

789 

8.8369 

8.3407 

790 

8.9375 

8.43x5 

791 

8.9984 

8.6093 

79a 

8.8936 

8.4066 

793 

8.8069 

8.36o8 

794 

8.8693 

9.4063 

795 

9.0476 

8 . 6960 

796 

8.8073 

8.36x3 

797 

9.0473 

8.6037 

798 

8.9026 

8.4773 

799 

8.7918 

8 . 3930 

800 

—8.9808 

1—8.6890 

+0.6x33+8.86x5 

o.49o5|+7»9i94 
o.6o8o:+8.73o6 
0.6x67 +"^.8669 
o.4876'+^'8577 


0.4817 
0.6546 
0.6373 
0.4770 
0.7311 

o.5i66 
o.54o3 


— 8.II03 

+9.1964 
+9.0365 
—8.3x36 
+9.8x86 

+8.7394 
+8.993X 


0.47171 — 8.4229 
0.4930. +8. 0008 
0.4235'— 8.9983 

9.6061  — 9.8101 
0.4843—7.6816 
9.4994—9.8097 
0.4533—8.7243 
0.473X  — 8.33o3 

0.6946  +9.2692 
0.4597 — 8.601X 
o.4x33 — 9.0020 
0.4778'— 8. i3oi 
o.6389'+8.8722 


0.460X 


— 8.68o3 


0.4673  — 8.4149 


0.4699, — 8.5424 
0.4957I+8.0624 
0.6072  +8.4ai6 


0.49x4 
0.4700 


+7.7261 
—8.3276 


0.6319J+8.7705 

o.5ox4'+8.2464 
0.4574—8.5436 

0.6976  +9.1803 
0.4372  — 8.7435 
0.6049  +8.30IO 
o.5xo3  +8.4x76 
0.4334 


o.4xoi 
0.6277 
0.4986 
0.9XX8 
0.3833 

o.5oo6 
0.38x1 

0.5374 

0.4870 

+0.3938 


—8.7476 

-8.8867 
+8.6620 
+8.06x6 
+9.8676 
—8.9646 

+8.1224 
—8.9647 
+8.6979 
— 6.37x9 
—8.8637 


-9 
—9 
-9 
-9 
—9 

-9 

—8 

—8 

—9 
+9 

-9 

-8 

-9 
-9 
-9 

-9 
-9 
-9 
-9 
-9 

+8 

—9 
-9 

-9 

—8 

—9 
-9 
—9 
-9 
—9 

-9 
-9 
-9 
-9 
-9 

+8 

-9 
—9 
-9 
-9 

-9 
-9 
-9 
+9 
-9 

-9 
-9 
-9 
-9 
—9 


2945 
6166 
3966 
3698 
6358 

6675 
27x8 
8998 

6674 
1096 

3261 

8766 
6784 


b' 


Lof^anthmii  of 
~   c~ 


—9 
—9 
—9 
-9 

-8 

+9 
-9 
—9 
+9 
-9 

—9 

—9 
+9 


6002 1 — 9 
6x34  +9 


3986 
65x4 
3993 
6726 
683o 

8407 
6901 
6359 

6749 
9745 

6986 


+9 
+8 

+9 
+9 
+9 

-9 
+9 
+9 
+9 
-9 

4-9 


697X  +9 
7o3i|+9 
583o  —9 


4794 

6x32 
6963 
x36x 
638x 
7116 

9618 
7x3o 
609  X 


-9 

—8 

+9 
-9 
-9 
+9 

—9 
+9 
-9 


4558  —9 
72x5 


+9 
+9 

2297  — 9 
565o  —9 


7111 


4676 
7x69 

55oi 
7x96 
0770 
6386 

75371+9 


-9 
+9 

—9 
+9 
-9 

+7 


+ 


8656 
0931 
7963 

8674 
0337 

3783 
9693 
9361 
4693 
9913 

7938 
91x7 
566o 
X718 
9x3i 

9883 
8565 
9883 
7901 
484o 

9637 
7075 
9133 
3970 
8643 

7610 
5583 
6637 
33x9 
5639 

9007 
48x0 
8x37 
4066 
663o 

9465 

7977 
4566 

6696 

7990 

8656 
7466 
33o4 
0739 
89x6 


3890 
8909 

7667 

84';**  + 


d' 


3986 
3981 
3980 
3976 
^974 

2973 
2966 
2969 
2969 
2967 

3937 
3935 
2935 
2932 
2929 

2926 
2926 
2926 
2922 
29x2 

2909 
2906 
2899 
2897 
2881 

2878 
2877 
2872 
2871 
2867 

3860 
3858 
3867 
3860 
3846 

3844 
3836 
38x3 
3813 
28x2 

2806 
2803 
2770 
2768 
2767 

3760 
3758 
3736 
3701 
2691 


-9.1088 
9 . I 369 
9.i4o5 
9.1604 
9.1705 

9.1734 
9 . 3078 
9.3388 
9.33o5 
9.2371 

9.3916 
9.3980 
9.3988 
9 . 3o48 
9.3136 

9.3175 
9.3x83 
9.3x86 
9.3368 
9.3480 

9.3535 
9.3610 
9.3704 
9.3738 
9 . 4ooo 

9.4039 
9 . 4063 
9. 4x29 
9.4x33 
9.4199 

9.4283 
9.4316 
9.4336 
9.4409 
9.4461 

9.4479 
9.4691 

9.48x6 

9.4838 

9.483o 

9.4891 

9«49ii 
9.5197 

9.6316 
9.6328 

9.5378 
9 . 6399 
9.546a 
9.6691 
-q.5^\5i 


Table  XXX. 


Catalooub  of  1500  Stars. 


»» 

■.A-C 

n.(. 

X,rsi- 

V.ri«too. 

Jh.  I.IBML      \\ummi 

^     m.        >. 

■*o( 

4S49 

Ceirturi, 

t 

3 

l3  3o  ai.18 

+  3.735 

i4a  4a     3.5    +iS.5o' 

Soi 

4iS= 

=5  OatanVtmL 

5 

3o  46.67 

3.6di 

53   56  35.8"i    ie.5a 

■*oJ 

4S6S 

83  Vam  Maoris, 

5 

35    a. 54* 

3.394 

34   33   38.4"     iS.il 

*ii 

4579 

I  Cenuori, 

• 

5 

37  10.64" 

l-^ 

133    16   59.5*     lUr 

So3 

45do 

Centaori, 

5 

37  ...59 

i4d  4o  36.7       ia.ii 

<o6 

4597 

4  Bootk, 

^ 

5 

4o    8.o4' 

3.856 

71  47  36.6"     iS.n 

■jo- 

46^. 

Centaari, 

3| 

4o  3i.8e 

3.562;i3o   S6   i5.S  1     iS.til 

'o:! 

46»3 

Centtari, 

>• 

3^ 

40  36.11 

3.570131    43  .6.6        iM 

'i.j    i6o3 

3  Cenunri, 

f 

5 

4o  46.47' 

3.45. 

133  43    o.i*.    iS.M 

S,oji6o7 

85  Viam  Majora, 

? 

3l 

41  37.I17- 

3.353 

39  S6  II. t*     i8.i5. 

5miJ6i5 

5  BootU, 

^ 

4 

4a  14.59 

3.»,5 

73  37  30.4      iiM 

*.a    46a3 

3  Cf  nuuri. 

i 

41 

43  .1.00' 

3.443 

laa   14  54.6'     iS.i: 

Si  J    4639 

4  Centturi, 

A 

5. 

44  35.43» 

3.431 

131    .1     5.fi«;    ifi-rf 

?i4    4636 

Centtuii, 

f 

3 

46  13. 67 

3.6,3 

.36  33  49.6  {    it.i6 
a4   3a      5.4";    iT-r 

Si5ii6iti 

10  DnraniB, 

41 

47    3. ■4* 

,.,55 

9ie  14643 

8  BootU, 

, 

3 

47  33.54- 

3.863 

70  5o  54.a"[    li.ii, 

ai7    4653 

Centturi, 

f 

41 

49  10.53 

3.Ga8'i3i    SI    58.7  1    i^-" 

818    4654 

C*Dt«uri, 

5 

49  36.39 

3.654,134     4     9.7'     is-<* 

fl.9    4656 

9  Bootia. 

5 

4I43.1S 

3.746:  6t  46  13.3  :    i7.i: 

Sao  1  466o 

:.\podi». 

e 

5 

5o  54.43 

5.537.166     4  14.9  i    i3.». 

831  1 4663 

Centanri, 

v" 

5 

53  33.67 

3.695!i34  53  38.7 

17.il 

83J    4669 

Ontauri, 

3 

53  .7.4. 

4.145,149  38  44.6 

IT-T* 

8a3 ' 4673 

93  Virginia, 

^i 

54     ..07 

3.o5o    87  43  37.5 

«7.*i 

614  <  i6Bx 

CcnUuri, 

1 

5 

56  54.81 

3.636  i3o  37  31.0 

17.7" 

8a5  ,  J6S5 

49  Hydr>, 

-11 

57  50.59 

3.398  ii5   57   =3.9  1    I7.t« 

ej6  I  4686 

5  Cenlauri, 

e 

-I 

57  5i.34' 

3.5o5  135  37  49.4"     iS-<V 

1 887  14693 

Apodis, 

5' 

59  45.17 

6.9:4  170  17  43.0      iT.ii 

SaS    4696 

11  Draconis, 

n 

,i    0  19.87" 

1. 618,  =4  54  ai.4"     i;.J: 

839  1 4705 

nnantia. 

j 

A 

3  39.33 

B.5a4i7a   58   33.8       i:.si 

83o 

470S 

5o  Hvdre, 

5 

4  .1..9 

3.417  116   33      7.3       17.J2 

83. 

47>a 

A^i. 

, 

5 

439.94 

6.8=9169  s4   30.9  '     iG.h 
3.195    99  34   =3.5"      I7.ii 

333 

47>6 

98  ■^  ireinis. 

4 

4  54. o3" 

S33 

4736 

17    I)>H>lis, 

5 

e    6.41* 

3.159    37  3o  a4-o*     I7.e3 

334 

47=7 

99  Viramis, 

e     9-33" 

3.142     95   16   55.1"      17.i1 

S35 

4739 

.6  l!«.Us, 

a 

8  49.34" 

3.734     70     =      3.9"      iS.s^ 

336 

4733 

Ire*  Mi^H.n^ 

■i 

9   19.15 

+  1.110    19  5i   44.6-;     r-ci 

S37 ; J733 

4  !'»>•  Minorii, 

\'ar. 

9  30.89 

-0.337I   M  44  51.6",     .6.S.' 

*33    473i 

r.upi. 

41 

9  ^9-7' 

+3.806135   31   4S.9   I     IT.U 
8.393   43  i3   i5.?«      rf.« 

SJV  '  J7i' 

19  1I.«iis, 

X 

4 

10  40.70* 

»4.|4,4= 

3.   Hooli^ 

1 

4 

10  5i.oi' 

=  .i3o    37   56   31.3";     i6.!» 

34i  !  4743 

i.-o  A'iiyinis, 

X 

4 

11      O.Ol* 

3.337103   4o  4o.8«,     ti.U 

84a  '  4745 

Ccimuri, 

V 

5 

1.  37.4. 

3.6.91=7   1,    33.9        .6.^ 

843:4759 

("piitauri. 

5 

■3  48.86 

3.659  128  49  31.3  ;   .«.-; 

844   4768 

Upi. 

r' 

5 

16  33.09 

3.8t3i34   3j  =4,0  1    ,«.-• 

845   477" 

l,upi. 

»■ 

5 

16  33.81 

3.823  i34  4i   53.5  j    16.71. 

846   4789 

33  Booiia, 

e 

4 

ao    5.33« 

3.045-   37  =7   iS.o"      16.*; 

847   4loa 

loi  Virttinia, 

f 

5 

30  38.88 

3.090    01    33     9.4  1     iB.ii 
3.087  .io  47   1'..  •    ■«-=- 
3.S90    SS  58     4.*-,     .«.*« 

Lupi. 

5 

aa  33.78 

-.    BOOCH. 

f 

4 

35  31.85' 

> 

3 

i4  =6    0.34 

+3.77o!i3i  99  44.6  .+16.M 

Tablb  XZX. 


CATi.Loau8  or  1500  Stabs. 


— I — 

Lmtu 
b 

■hn-of 

i 

-■ — 

—^ 

hm.of 

r-         1          d' 

-9.0067 

— 8.6a63 

+0.5735 

+8.9074 

+8.63.4 

-9.865, 

+  ..3676 

—9-5848 

8 

S869 

3 

5o83 

o.4a83 

-8.6670 

-9.7635 

+  9.745. 

1.3673 

9-5864 

1 

0317 

B 

6754 

0.3596 

—8.9474 

—9.76.9 

+  9.8773 

1.3638 

9,6o53 

8566 

6 

5ll2 

0.5338 

+8.5842 

-9. .676 

-9.6873 

I. 3619 

9.6.43 

e 

98.8 

8 

6364 

0.573, 

+8.8703 

+  8.6365 

-  9-8483 

...6,, 

9.6.44 

e 

Bo34 

S 

4727 

0.4601 

-8.11981 

-9.7359 

+9-45.9 

■.=5,4 

9.6365 

8 

90a  5 

8 

573s 

0.55.8 

+8.7.89 

-8.6946 

-9.7739 

■.>55. 

9.G381 

8 

9077 

8 

5794 

0.5536 

+8.7309 
+8.6046 

-e.e.aB 

—9-7799 
—9-7008 

..i5,. 

9. 6384 

8 

86oi 

8 

53ag 

0.5378 

-9.096a 

,.,il<S 

9.6191 

S 

97.3 

8 

6489 

0.3776 

-8.8569 

-9-7836 

+9-84o5 

1. 3581 

9-6335 

8 

It 

B 

477= 

o.46»3 

-8.a53o 

-9.73.5 

+9.4098 

1.15,5 

9-6350 

8 

8 

S353 

0.5363 

+  8.5783 

-9.1397 

-9.6816 

1.3S66 

9.6387 

6 

8448 

5358 

0.5349 

+8.5590 

-9..  556 

-9.6673 

1.3553 

9-644. 

6 

938. 

8 

6368 

0.5684 

+  8.7990 

+  8.4.5ol-9.8ia5 

1.3538 

9-65o3 

9 

.564 

8 

859. 

D.=435 

-9. ,.53 

-9.7707+9.9097 

I.3530 

9-6535 

8 

799° 

8 

5o4o 

0.4565 

-8.3.49 

-9.7469+9.4663 

1.3535 

9-6554 

S 

8973 

8 

6100 

0.5576 

+8.7'74 

-8. 3560—9.7689 

,.35,0 

9.66.4 

8 

9.60 

8 

619S 

0.5G4I 

+  8.7583 

+  7.89311—9.7908 

1.3507 

9.6634 

8 

8871 

8 

5433 

0.4377 

-8.503O 

-9.7783+9.6331 

I.a5<.4 

9-6634 

9 

3894 

9 

noi 

0.7465 

+  9.3765 

+  9.5405 

-9-9341 

1.34,3 

9-6677 

8 

9190 

8 

6465 

0.5679 

+8.7676 

+  8.3945 

-9-794. 

1.3478 

9.6730 

9 

a65a 

8 

7965 

o.6e84 

l?:366l 

+9.3790 

—9-8806 

1..469 

9.6763 

8 

768. 

8 

5o3o 

0.4836 

-9.6556 

+8-5433 

1.3461 

9.6787 

8 

8835 

8 

G3i3 

0.5596 

+8.6956 

-8.1339 

-9.7530 

1.3431 

9-6887 

8 

8100 

8 

56i9 

o.53o3 

+8.45.. 

-9.3438 

-9.59.0 

1.S43I 

9-69.8 

8 

8538 

8 

6069 

0.5493 
o,8434 

+8.6.91 

-8.B303 

—9.7053 

1.3431 

9.6919 

9 

5349 

2 

ag53 

+9.5387 

+9.63.9 

-9-93.5 

1.3400 

9-6983 

9 

.367 

8995 

o.aii5 

-9.0943 

-9.8044 

+9.8948 

1.33,4 

9-7001 

1 

6700 

9 

4466 

0.9363 

+9.6668 

+9.6593 

—9.9304 

1..35, 

9-7. 03 

8o53 

8 

5847 

0.5334 

+8.4555 

-9.1978 

-9-5833 

1.135; 

9-7'!'4 

I 

49-8 

9 

=734 

o.83o6 

+9.4843 

+9.63a4 

-g.9348 

1.3345 

9.7139 

76ao 

8 

S447 

o.5o35 

+  7.9830 

-9-5336 

-9.  .530 

1.3343 

9-7147 

8 

9677 

8 

7639 

0.33.8 

-8.867. 

-9-8356 

+9.8377 

i.a3o5 

9.7345 

8 

7540 

8 

55o4 

0.4964 

+7.7.8. 

-9-5835 

—8.8933 

i.a3o5 

9.7347 

8 

7783 

8 

5775 

0.4490 

-8.3. .6 

-9-7708 

+9.4608 

1.3397 

9.7367 

9 

3196 

9 

0309 

+0.0379 

-9.io3o 
-9.4335 

-9.8i3a 

+9-goo3 

\:'.'Z 

9-7383 

9 

44>7 

9 

2439 

—9.5707 

-9.7873 

+9.9.74 

9.7388 

8 

9034 

8 

7069 

+  0.5795 

+  8.7557 

+8-8865 

-9-7795 

1.3285 

9.7397 

8 

91 36 

B 

7.06 

0.3612 

-8.776. 

-9.8393 

+9.7879 

..3274 

9.7333 

8 

960a 

B 

7679 

0.33.3 

-8.8571 

-9.8407 

+9-93.9 

1.3372 

9-7337 

8 

7594 

B 

5678 

0.5097 

+8..  008 

-9.4939 

—9.3663 

t.3370 

9.7333 

8 

846q 

8 

6573 

0.5589 

+8.5a83 

—8.2490 

—9.7057 

..336S 

9.7345 

853^ 

8 

6737 

0.5639 

+8.6509 

+  7.875. 

-9.7.86 

. .3336 

9-74.4 

8889 

8 

7300 

o.58o8 

+8.7348 

+  8-9358 

-9 -,639 

9.7491 

8900 

8 

7».3 

o.58i3 

+8.7373 

+  8-9360 

-9.7650 

1.3301 

9.7491 

9539 

8 

ffi 

o.3i58 

-8.8539 

-9-B570 

+9-8.30 

t-a.SS 

9.7588 

7369 

8 

0.490a 

+7. .697 

-9-63.4 

—8.3456 

1.3.49 

9.7599 

9239 

8 

7794 

0.60. a 

+8.8068 

+  9.3.67 

—9.7939 

9.76U 

?ii; 

8 

6639 

o.4i4o 

—9.5093 

-9-83n9'+9.6.S3 

i!9o93 

9.7738 

— B 

-8 

7138 

+0.5768 

+9. 675s 

f8.839Sl— <j.i46i 

-Vi..io-\t 

-V-M'-"- 

4^4 


Table  XXX« 


Catalooub  op  1500  Stars. 


.  Ko. 

'85." 

B.A.C.               0— illMiw 

M«f. 

Rigte  Aaeeacioii, 
Jul  1,  I8S0. 

Annul 
Vwintkn. 

North  Polar  Dwi., 
Jan.  1, 1890.     \ 

AOMl 

4812  •  27  Boods, 

1 

r    ■ 

3* 

Am.        «. 

i4  26    S.20* 
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16. oS^^ 
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1    x5.4» 

j  868    4876  .  -36  Bootis, 

€ 

3 

38  26.14* 
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9.0280 
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9.0858 
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8.7635 
8.7107 
8.7541 
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8.7572 
8.8407 
8.7199 
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8.7017 
8.8263 
8.8181 
9.2699 

8.6905 

8.8447 
9.0821 
8.7337 
8.6S36 
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0.6783  -f-9«o4o6 
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0.4496 
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0.5199 

0.4403 
0.5 I 08 
0.5904 


— 8. 70771+0. 385i|— 8.6369 
8.7840 
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8.6225 

8.6755 
8.6488 
8.68i3 
8.6294 
8.6741 
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8.6467 
8.6867 
8.7717 
8.6537 
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8.6585 
8.7835 
8.7779 
9.2366 

8.6638 

8.8254 
9.0640 
8.7059 
8.6648 

8.7884 
8.7318 
8.6865 
8.8193 
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8.8824 
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—7.9071 
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+8.1445 

—8.2555 

+7-9744 
+8.6563 
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— 9.8533  +9.7037 
+9.3306  — 9.7788 
—9.8368+9.8901 
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+9.4929  — 9.8387 


+o.5o83|+7.8468 


+9.4929 
+9.7053 
+9.5587 
+9.1787 
+8.4346 

-9.7762 
-9.7596 
-9.7196 
-7.5682 
-9.5772 

-9.8291 
-9.7836 
-9.833o 

-9.6644 
-9.0683 

—9.0383 
— 9.4337 
— 8.9450 
+9.0955 
— 9.3897 

—9.7997 
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+9.1274 
-i-9.0843 
—9.8863 

— 9.5256 

+9.3o58  — 9.7192 
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—9.6683+8.5286 
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—9.8913 
—9.8536 
— 9.7589 
— 9.6765 

+9.3616 
+9.2885 
+9.0781 
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—9.8323 

+9.5488 
+9.3676 
+9.5542 
+8.5310 
— 9.5191 

— 9.5276 
— 9.25i3 
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— 9.3047 

+9.4o53 
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— 9.6899 
+9.85oo 
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— 9.8942 
— 9.85o6 
—9.3583 
+9.2700 
— 9.9105 

-9.8431 
—9.8786 
+9.3817 
+9.4583 
+9.7064 

+9.5886 
+9.3869 
—9.8691 
— 8.i8i8 


+9.6732 
+9.5181 
—9.2843 
— 9.6990 

+9.7344 

+9.4814 
+9.8450 
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— 9.5s59 
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1.1940 

1.1914 
I. I 892 
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1.1841 
i.i835 
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1.1720 
1.1709 
I. 1678 

1.1646 
I. 1611 
I .1606 
1.1604 
1.1604 

i.i586 

i.i554 
i.i55o 
i.i54o 
I .1539 

I . 1 5o4 
I .i5o3 
I.I488 
I.I488 
1.1420 
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1.1357 
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1.1345 
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9.7790 
9.7792 
9.77^8 
9.7831 

9.7831 
9.7833 
9.7856 
9.7893 
9.7909 

9.7934 

9.7941 
9.7948 
9.7953 
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9 . 8008 
9.8041 
9.8045 
9.8o5i 

9.8o58 

9.806a 
9.8x06 

9.8114 
9.8123 
9.8139 

9.8180 
9.8269 
9.8271 
9.8285 
9.8322 

9.8357 
9.8397 
9 . 84o3 

9.8404 
9 . 84o5 

9.8434 
9.8457 
9.846a 
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9.8473 

9.85oB 
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46  Librv, 


5s5g 


1 1  Corons  Bor. 
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23      3.33 
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27    8.48» 

37  38.64 
37  55.83* 
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63   i3  3i.5  . 
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3.593  1 15  17  26.2* 

5.3o5i52  57  36.8 

2.700J  71  a3  28.4 
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48  47.63* 


3.989'  85    4     3.3 
52   29.1*. 

43"  5o.7*! 
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9i3 
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930 
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937 
938 
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930 
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933 

934 
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8.7668 
8.8193 
8.7392 
8.7925 

8.7398 
9.1568 
8.7375 
8.65oo 
9.1484 

8.9228 
8.6891 

9.0124 
8 . 7400 
8.6242 

8.6869 
8.6290 
8.6222 
8.6660 
8.7427 

8.6634 
8.6691 
8.7217 
8.75o5 
8. 6249 

8.6974 
8.6235 
8.6095 
9.2699 
8.64x2 

8.5940 
8.5888 

8.6014 
9 . 0096 
8.6558 

8.5782 
8.6209 

8.9194 
8 . 6oo4 
8.6218 

8.5749 
8.6120 
8.5959 
8 . 6007 
8.5856 

8.6597 
8.64io 
8.6183 
8.8i33 
-8.5730 


-8.7714 
8.8106 
8.8638 
8.7860 
8.84oo 
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8.8092 

8.7254 
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8.7716 
9 . I oo4 
8.8362 
8.7235 
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8.7729 
8.8498 
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8.7529 
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8.7817 
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8.7402 
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8.7899 
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8.8043 
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-8.7669 
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0.6179 
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• 
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+0.3573 
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0.5984 
o.5ii4 
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+8.5688 
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— 8.3949 
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+8.0334 
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— 9.9466 
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—9.8938 
—9.3553 
— 9.7610 
—8.28x0 
+9.3137 
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— 9.9238 
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—9.6929 
— 9. 5911 
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— 9 . 5946 
+9.7933 
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—9.2538 
+9.7849 
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+9.4983 
— 9.7612 
— 9.6101 
.0139 


+9.5x47 
—9.1837 
+9.0725 
— 9.4559 
— 9.6155 

+9.4489 
— 9.4752 
+9.5887 
— 9.6254 
— 9.2929 

+9.5558 
4-9.3095 
—9.1885 
+9.7594 
+9.4217 
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4-8.8950 
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i.x33o 

—9. 

X .1287 

9. 

X.1284 

9. 

X.X271 

9- 
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9- 

1 . 1 244 

9- 

i.xx64 

9- 

1.1129 

9- 

I. XI 07 

9. 

I .X080 

9- 

I . X066 

9- 

i.io65 

9. 

i.xo33 

9- 

1.0984 

9. 
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9- 
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9- 

1.0936 

9. 

X .0924 

9- 
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9. 
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9. 
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9- 

1.0880 

9. 

1.0873 

9. 

1.0846 

9- 
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9- 

1.0773 

9- 
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9. 
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9. 

X.07I5 

9- 

1.0703 

9. 
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9- 

i.o63i 

9- 
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9- 
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9- 

1.0569 

9- 

1.0559 

9- 

i.o554 

9- 
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9- 
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9. 

i.o5i7 

9- 

i.o5i6 

9- 

I . 0480 

9- 

I . o48o 

9. 

X.0479 

9. 

1.0461 

9" 

1.0453 

9- 

i.o4o3 

9- 

1.0394 

9- 

I . o36o 

9. 

,8667 
8703 
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8738 
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8824 
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8923 
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8965 
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9x33 
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9a3i 
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-3.3i6 
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+i..i. 
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5^89 

6  Scorpii. 

3i 

49  i7."* 

+  3.6i5 

iiS  4o  39.3* 

i«.H 

9S3 

5=90 

48  Libra, 

4* 

49  47.74' 

3.349 

io3   So  3a. 5* 

954 

539a 

Lnpi. 

a 

5o  11.69 

3.946 

1=7  57  «-5 

!».'*: 

955 

5303 

i3  CoiODttBor., 

« 

a 

Si  33.73* 

..487 

63  4i     4.7* 

io.:« 

9S6 

53o3 

7  Scorpu. 

d 

5i   a8.3i« 

3.535 

iia   M   a4.B* 

loM 

957 

53aa 

44  Serpcntai. 

a 

55  S0..4 

3.5Bi 

66  46  31.7 

IO.rf 

958 

53a3 

NonnK, 

i 

55  54.33 

i.198 

134  45  4i.t 

10.*( 

959 

53a4 

5i   Librs, 

n 

5G    7.67' 

3.391 

.00  57  .8.0 

i».l: 

980 

53a9 

8  Scofpii, 

0' 

Se  43.31" 

3.478 

109  33  35.3* 

».)« 

961 

533 1 

Lopi. 

6 

a 

S6  45.38" 

llll 

136     33     31.3* 

!«.» 

9&. 

5337 

9  Scorpii, 

u' 

4* 

58     a.5i 

.ic   .5   37.. 

963 

5338 

fl  Hereulis, 

58     7.43' 

1.861 

43   33  4o.5* 

10.  U 

96i 

534a 

10  Scorpii, 

u* 

4t 

58  36.94* 

3.508 

no   37   3i.o* 

lO.li 

965 

5347 

Scorpii, 

58  59.55 

3.643 

1.5    55   i3.3 

lO.lJ 

966 

5343 

.3  Dracanis. 

B 

59      5.33« 

1.134 

3i      1    58.6* 

9-r* 

957 

5375 

Triang.  Aust. 

i 

a 

16     1  49-66 

5.364 

.53    ,7  4>.7 

,.k 

96a 

538 1 

|3  Scorpii, 

C' 

3    4.5o« 

3.689 

117   3i    55.1* 

,.«. 

969 

538» 

i4  Scorpii, 

3  I7.04' 

3.476 

.09      3   58.9* 

I-'- 

970 

5386 

1 5  Scorpii, 

V' 

3  48. 53* 

3.37, 

99  4o   .6.8 

I:* 

971 

5388 

11   Hercnlis, 

f 

i       3.l5 

1.869 

44  4o  lo.ft 

S-T* 

973 

5406 

Draconis, 

5  55. 91* 

0.137 

3.  47  39.6* 

;.j. 

973 

54i4 

.   Ophinchi, 

« 

6  39.31" 

3.138 

93  iB  .4. 5* 

i.U 

974 

5410 

iB   Scorpii, 

7  38.3o« 

3.s5o 

97   58      3.9 

^ 

975 

54i5 

NoimB, 

r' 

8  38.46 

4.455 

139  46  55.3 

976 

5437 

a   Ophiuchi, 

, 

.0  33.4i« 

3.168 

94   19   aa.3' 

t-i( 

977 

5439 

Apodl^ 

r 

10  36.36 

8.7B3 

168   33     7-9 

,1.1. 

978 

5447 

30  Scorpii, 

13    4.73' 

3.634115  .3  39.6* 

*•'* 

979 

5456 

So  Serpentia, 

i4  38.83 

3.035 

88   36  49.4 

i.u 

980 

5459 

Draconis, 

14  45. 56* 

+0.983 

=9  5i  47-5* 

6.H 

98. 

546a 

19  Ursr  Minoiis 

i5     9.79- 

-1.863 

i3  44  49.0* 

».«! 

98» 

5463 

31   McrculiB, 

i5   .3.93- 

+  1-799 

43  19  37.6* 

i.i: 

983 

5466 

ao   Herculis, 

r 

3i 

i5   .8.39 

3.645 

70  39   =8.1 

i.U 

984 

5467 

4   Ophiuchi, 

*■ 

i5  19.86* 
16  15.37 

3.5oi 

109  4o  53.4* 

h.v 

985 

5473 

19  Corona:  Bor., 

i 

3.340 

58  45  33.3 

e.t: 

986 

5477 

5   Ophiachi, 

p 

16  35.90 

16  43.67- 

3.586 

ii3     5  44.8 

».-s 

987 

5479 

so   CoronK  Bor., 

v' 

3.361 

55  5o  4i.=* 

6. is 

988 

5480 

ai    CoroiittBor., 

16  5o.33* 

3.369 

55   55  40.9* 

S.:? 

989 

5489 

j&S: 

X 

iS  ao..6* 

3.468 

108     6  4o.i* 

S.w- 

99" 

5490 

18  39.44 

3.75a 

75   37      3.S 

6.*: 

99' 

5494 

Ophiuchi, 

19  37-9^ 

3.335 

97  "4  5..0 

e.:. 

99* 

549S 

3  Ophiuchi, 

19  4.. 78* 

3.354 

98     1    55.3* 
Sa    ,5   4«.e 

t.:» 

993 

5496 

35   HcrcutiB, 

30    3.57 

a.r34 

e.i- 

Wj 

549a 

31   ScorpU, 

3.668 

1.6     5   38.9* 

i.ii 

99S 

SSoa 

Diaconi*, 

3°  '8:75. 

1.300 

3437      6.9* 

U 

^StflA 

a 

P 

31    35.40* 
31    49.4. 

4:ln 

n4  33  a4.e* 
167   "   »6-5 

>.41 

-^MiDorii, 

V 

.1    57.31* 

-1.839 

i3  54     4.8* 

e.ii 

f 

at  58.36* 

+0.830 

■8     8  is. 4* 

•^ 

1- 

M 

\6  A3  33.61* 

+  3.41« 

106  16  So.9* 

+  8.* 
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a- 

f        1        c' 

d- 

95i 

-9.3408 

-9.4406 

-0.370.-9.2376 

-9.9605 

+  9.7334 

+  1.0338 

-9.9255 

95. 

8.5999 

e.7948 

-Ho. 5578 +8.3357 

-8.4. 33 

-9.3676 

i.o33i 

9-9958 

953 

8.5675 

8.7625 

0.5348+7.9464 

-9.34.8 

—9.1097 

..o33o 

9.9»58 

95i 

8.6558 

8.8534 

0.5967+8.4458 

+  9.2480 

-9.5186 

i.o3i9 

9.9>63 

955 

8.6qi3 

8. 8039 

0.3955 

—8.3631 

—9.8888 

+  9.3878 

1.0383 

9.9377 

956 

8.583. 

8.785. 

0.548. 

+8.i6o3 

-8.9138 

—9.3029 

1.0280 

9.9978 

9S7 

8.5730 

8.7935 

0.41.5 

-8.1688 

—9.8673 

+9.3083 

1.0.46 

9.9329 

95s 

8.68J8 

8.9056 

0.6240 

+  8.5324 

+9-4703 

-9.5598 

..0.44 

9.9330 
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8.5433 

8.7651 

0.5.75 

+7.8332 

— 9.4jo3 

-8.9903 

1.0:37 

9.9332 
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8.5583 
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+8.0800 

-9.0941 
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96. 

8.5570 
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1 . 0067 
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0.5601 

+8.2138 
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—8.7465 
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1.0043 

9-9365 
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8.8643 
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+9.765. 
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0.995. 

9.9395 
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8.5648 

8.8:70 

0.5657 
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-9.3536 
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9.9408 

969 

8.5364 
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8.9:88 
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0.98.. 
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990 
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8.4548 
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—8.7984 
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9.9570 
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8.4554 

8.785a 

o.5io8 

+7.6006 
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0.9394 

9.9570 
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8.8833 

0.3389 

-8.3383 

-9,9533 

+9.4.35 

0.9279 

9.9573 

994 
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8.838. 

0.5040 

+a.,39o 

+  7.9590 

—9.2684 

0.9273 

9.9575 

995 

8.6926 

9.0296 
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-8.6088 

-9.9976 

+9.5375 

0.9235 

9.9533 

996 

8.5267 

8.8659 

0.5913 

+8.9784 

+9.1906 

-9.37.. 

0.93.6 
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No. 
io5i 

Logarithms  of 

LogBTithms  of 

a 

b' 

e 

d 

tt' 

b' 

c' 

d' 

—8.6082 

— 9.23x0 

-I-0-7943 

-1-8.574X 

+9.8658 

—9.33x1 

+0.6674 

—9.9880 

10S2 

8.1917 

8.8267 

0.4365 

—7.5923 

—9.8228 

+8.7542 

0.6559 

9 

.9886 

io53 

8.5620 

9.2018 

9.1967 

—8.5224 

— 0.0282 

+9.3095 

o.65x3 

9 

.9889 

io54 

8.2116 

8.8558 

0.3913 

—7.8378 

—9.9061 

+8.971X 

0.647X 

9 

.989X 

io55 

8.1684 

8.8i3o 

0.4881 

-1-5.8439 

—9.6329 

—7.0x99 

0.6467 

9 

.9891 

io56 

8. 2583 

8.9110 

0.3197 

—8.0376 

—9.9703 

+9.116X 

0.6391 

9 

.9895  • 

1067 

8.22X4 

8.8920 

o.345o 

—7.9606 

— 9.9539 

4-9.0590 

0.6220 

9 

.9903 

io58 

8.I7I3 

8.844o 

0.5528 

-|-7'7246 

—8.7451 

—8.87x0 

0.6x99 

9 

.9904 

1059 

8.1490 

8.8252 

0.5270 

-1-7-4908 

— 9.319X 

—8.6561 

0.6x66 

9 

.9906 

1060 

8.2376 

8.9148 

o.3i56 

— 8.02x5 

—9.9729 

+9.0974 

o.6x56 

9 

.9906 

1061 

8.3898 

9.0697 

0.7014 

-f-8.3o95 

+9.7578 

— 9.2306 

o.6i3i 

9' 

.9907 

1 06a 

8.1768 

8.8568 

0.5655 

-I-7.8002 

+8.2430 

—8.9341 

0.6129 

9 

.9907 

1063 

8.3798 

9.0602 

0.6960 

4-8.2951 

+9.7475 

—9.2257 

0.6x25 

9 

.9907 

1064 

8.3171 

9.0116 

0.6684 

-f-8.2o45 

+9.68x3 

— 9.1842 

0.5991 

9 

.99x3 

io65 

8.i3i9 

8.8557 

0.563X 

+7.7417 

+  7.5798 

—8.8784 

0.5708 

9 

.9924 

1066 

8.3.972 

9.1248 

0.7322 

+8.3371 

+9.8079 

— 9 . 2049 

0.5672 

9- 

9925 

1067 

8.i48i 

8.8778 

0.5822 

+7.8434 

+9.0438 

—8.9582 

o.565i 

9' 

.9926 

1068 

8.1786 

8.9161 

o.3i58 

— 7.9609 

-9.9737 

+9.0377 

0.5576 

9' 

9928 

1069 

8.0746 

8.8182 

0.4731 

— 6.9470 

— 9.7053 

+8.X219 

o.55x7 

9- 

9930 

1070 

8.25o5 

9.0070 

0.6652 

+8.I332 

+9-6734 

-9.1x96 

0.5391 

9- 

9934 

1071 

8.i56o 

8.9161 

0.6095 

+7.9372 

+9.3971 

—9.0x47 

0.5357 

9- 

9935 

107a 

8.0772 

8.8567 

0.5627 

+7.6838 

+7.2553 

— 8.8211 

o.5x68 

9- 

994  X 

1073 

8. 1226 

8.9159 

0.6091 

+7.9019 

+9.3934 

—8.9804 

o.5o33 

9' 

9945 

1074 

8.0573 

8.8659 

0.3838 

— 7.7026 

—9.9170 
+9.5508 

+8.83x5 

0.4884 

9' 

9948 

1075 

8.i2id 

8.9544 

0.6334 

+7.9547 

— 8.9957 

0.4649 

9- 

9954 

1076 

8.1948 

9.0341 

0 . I 3o8 

—8.0938 

— 0.0208 

+9.0552 

0.4584 

9- 

9955 

»P77 

7.9785 

8.83o4 

0.4429 

—7.3198 

—9.8067 

+8.4852 

0.4461 

9- 

9958 

1078 

7.9694 

8.8356 

0.5357 

+7.3908 

— 9.1965 

— 8.55i3 

0.432X 

9' 

9960 

1079 

8. 1952 

9.0645 

0.0637 

— 8. 1 100 

— 0.0260 

+9.o4i6 

0.4289 

9- 

9961 

1080 

8.1938 

9.0644 

o.o64o 

—8.1086 

— 0.0260 

4-9.o4o3 

0.4277 

9- 

9961 

X081 

7.9483 

8.8244 

0.5129 

+7.0930 

—9.4645 

—8.2648 

0.4223 

9- 

.9962 

1082 

9.835i 

0.7167 

2.o3i4 

4-9.835i 

+9.9938 

—9. 1x47 

0.4169 

9- 

.9963 

io83 

8.2929 

9.1888 

0.7686 

-1-8.2489 

+9.85x7 

— 9.0567 

0.4029 

9 

.9965 
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8.01.72 

8.9299 

4-0.6173 
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+9-4571 

—8.8824 

0.3863 

9- 
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Wo. 
IIOX 

Loicarithma  of 

LofarithiM  of                              | 

a 

b        1        e 

d 

0f 

1/ 

1        c' 

d' 

— 7.5xx7 

—8. 92281+0, 3x36 

-7.2939 

—9.9780 

+8.3708+9.8908 

—9.9997 

II02 

7.4294 

8.883o 

0.3658 

—7.1x86 

— 9.938X 

+8.2354 

9.8484 

9.9997 

iioS 

7.3359 

8.8246 

0.4992 

+6.X428 

— 9.5670 

—7.3x80 

9.8x33 

9.9998 

izo4 

7.3864 

8.887X 

o.36o3 

— 7.088 X 

—9.9434 

+8.2008 

9.8014 

9.9998 

iio5 

7.3x99 

8.8250 

0.4725 

— 6.2o3i 

—9.7068 

+7.3779 

9.7970 

9.9998 

izo6 

7.5068 

9.0296 

o.x43o 

— 7.4004 

— 0.0222 

+8.3706 
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9.9998 

1 107 

7 . 3oo6 

8.8243 

0.4774 

— 6.0XX2 

—9.6855 

+7.1867 
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9.9998 

CZ08 
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0.4262 
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9.7630 
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0.76x2 
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—8.36x6 

9.7"4 

9.9999 
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7.X743 
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0.5x36 
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—9.4585 

—7.4988 

9.6482 

9.9999 

ItlX 

7.3589 

9.0x66 

0.6692 

+7.2438 

+9.6S89 

— 8.2271 

9 . 6444 

9.9999 

1112 

7.i83i 

8.8845 

0.583I 

+6.8765 

+9.0652 

— 7.9920 

9 . 6008 

9.9999 

iii3 

7.0979 

8.8532 

+0.4086 

— 6.6490 

—9.8816 

+7.7957 
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9.9999 

iii4 
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9.47" 

— 0.4330 

—7.6833 

— o.o3o2 
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9.5257 
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iii5 
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+0.586X 
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0.4788 

—5.4379 

— 9.6793 

+6.6x36 

9.2693 

0 . 0000 
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7 . oo4o 

9.X461 

0.7434 

+6.948X 
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— 7.8020 

9.X601 

0 . 0000 
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6.6710 

8.8799 

0.5793  +6.3492 
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—7.4693 
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0.0000 
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0 . 0000 
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4-5.6x69 
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—5.4736 
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0.4542 

+5.0677 

—9.7737 

—6.2377 
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EI  22 
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9.1681 

0.7562 

—6.9008 

+9.8422 

+7.7327 

9.0847 
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zia3 

6.7499 

8.8810 

0.3687 

+6.43x9 

— 9.9352 

— 7.5509 

9.171X 

0 . 0000 

iia4 

7-1746 

8.8539 

0.5546 

—6.7307 

—8.6542 

+7.8767 

9.6227 

9.9999 

ZI25 

7.3290 

8.8924 

0.3533 

+7.0455 

—9.9498 

— 8. x529 

9.7386 

9.9998 

1126 

7.4339 

8.9202 

+0.6096 

— 7.21x3 

+9.4000 

+8.2909 

9.8x57 

9.9998 

Z137 

8.2742 

9.5826—0.65x51+8.2675 

— o.o25o 

—8.6844 

9.9933 

9.9995 

iia8 

8.2783 

9.5827:— 0.6518+8.27x6 

— 0 .  0249  — 8 .  6883 

9.9972 

9.9995 

Z129 

7.582X 

8. 8854+0. 584i|— 7.2796 

+9.0846I+8.3937 

9.9984 

9.9995 

ii3o 

7.6772 

8 '.9447 

0.2822  +7. 493X 

-9.9919 

-8.5477 

o.o34o 

9.9994 

Ii3z 

7.6x83 

8.8638 

0.39x9 

+  7.2341 

—9.9071 

—8.3696 

o.o56o 

9.9993 

Il32 

7-94ax 

o.x86d 
8.8237 

9.4642+7.8970 

— o.o3G6 

— 8 . 7095 

o.o568 

9.9993 

iz33 

7.5960 

0.4968  — 6.3o5o 

—9.5824  +7.4805 

0.0737 

9.999a 

zz34 

7.7000 

8.9068 

o.6oo5 

— 7.4526 

+9.3i53'+8.5449 

0 . 0946 

9.9992 

ii35 

7.720X 

8.9x5x 

0.3225 

+7.4893 

—9.9721 

—8.5733 

o.xo63 

9.999X 

iz36 

7.8220 

8.98x5 

0.6488 

—7.6792 

+9.6201 

+8.6967 
+8.7549 

0.14x7 

9.9990 

1137 

7.8844 

9.0070 

0.6639 

— 7.7632 

+9.6724 

0.1784 
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iz38 
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9.x563 

0.7495 

—7.9841 

+9.8339 

+  8.8265 
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9.0061 
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— 0.0160 
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0.1897 
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iz4o 
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8.8670 

0.5689 
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+8.5729 

+8.5455 

0.2x37 

9.9986 
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8.9804 

0^6484 

—7.7932 
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0.2562 

9.9982 

1X42 
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8.8365 
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— 7.1955 

—9.2248+8.3573 

0.2563 

9.9983 

zz43 
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0.0487 
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— 0.0086 

— 8.9550 
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0.26^3 
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—8.9078 

0.2783 

9.9981 
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+0.632X 
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+9.5451 
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8.3i6o 
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+8.2923 

— o.o34x 

—8.9753 

0.3012 

9.9978 

it48 
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9.3475!— 0.0757 
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—0.0329  —8.9947 

0.3I7I 
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1x49 

8.3687 

9. 3208: +0.8483 

—8.3458 

+9 .  9060+9 .  0223 

0.3475 

9.9973 
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+8.1602 
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—0.4255 
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Aumal 
Varittkm. 

North  Polar  DtaL. 
Jan.  1,  I6S0 

kwKmk  . 

Il5ll 

6352 

PaTonis, 

5 

Am.        «. 

18  3o  43.39 

+5.937 

• 

1 55 

0           9.9 

•    1 

I I 52  6355 

3  LjTTC, 

a 

I 

3i  5i.56« 

2.o32 

5i 

21     10.9* 

3.€« 

ii53  636o 

I^Toois, 

$ 

5 

33  5i.52 

5.888 

1 55 

i3  3i.3 

2.H 

1 

ii54'636i 

2  Aquilc, 

5 

34     3 . 69 

3.289 

99 

11   27.5 

».ST 

ii55 

6371 

27  Sagittaiii, 

^ 

4i 

36  16.97* 

3.758 

117 

8    22.3* 

3.iy 

ii56 

6383 

PftTonis, 

7, 

5 

38  19.00 

5.620 

162 

21      1.9 

3.S 

ii57 

6387  no  Herciilisy 

5 

39  12.47 

2.585 

69 

35  36.3 

3.fl 

!ii58 

6390 

4  hjrm. 

e» 

5 

39  22.12* 

1.986 

5o 

29     2.1* 

1      3.5t 

;ii59 

6391 

5  Ljrv, 

«* 

5 

39  24.46* 

1.988 

So 

32  28.1* 

3.S1 

ii6o 

6392 

6  LjTv, 

r 

5 

39  36.35 

2.064 

5a 
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8.4." 

8 

8357 

0.39S6 

+8.0366 

-9 

8939 

-9. .6a, 

84B9 

9.9713 

I9l3 

B.4343 

8 

8463 

0.3834 

+  8.1008 

-9 

9,33 

-9.334* 

6599 

9.969, 

■ni4 

8.5936 

8 

9977 

0..794 

+8.4856 

-9 

9992 

-9.4567 
-8.6576 

8659 

9.,6S, 

laiS 

8.3949 

8 

7953 

0.4649 

+7-4849 

-9 

7364 

" 

8699 

9.968. 

1116 

8.4000 

» 

7998 

0.5198 

—7.6760 

~9 

3993 

+8.B44a 

0 

8704 

9.966. 

1317 

8.4390 

8 

8349 

0.5638 

— 8.0693 

+7 

4i5o 

+8.6848 

8738 

9.96,5 

I3t8 

8.4049 

8 

7940 

0.5093 

-7-5133 

—9 

4940 

8796 

9.,665 

iai9 

8.4oa. 

8 

7905 

0.4931 

-6.85a: 

-9 

6io3 

+8.0380 

88o3 

9.9664 

laao 

8.4166 

8 

7898 

o.4?i5 

+7.3630 

-9 

7io5 

-8.5364 

» 

893= 

9.964. 

laai 

8.6oS5 

8 

9784 

+0.3073 

+8.4919 

-9 

9936 

-9.477= 

0 

8960 

9.9637 

8.8734 

I 

34.3 

— 9.3oa3 

+8.8437 

oo5S 

—9.5660 

Itl 

9.563s 

iai3 

8.4430 

8078 

+0.4381 

+  7.9163 

-9 

B4o3 

—9.0803 

9.96.9 

iiad 

8.4830 

8 

8484 

0.3743 

+8.i8o3 

-9 

-9.3948 

lt.l 

iaa5 

8.44a5 

8 

8o46 

0.5357 

-7.8951 

—9 

1937 

+9.053O 

0 

9037 

1336 

8.4457 

8 

6o5a 

0.43O3 

+  8.5790 

-9 

8355 

—9.0713 

0 

9043 

9.9621 

1337 

8.6676 

I 

D3S6 

0.1397 

-9 

9987 

—9.5,77 

9086 

9.9613 

laaS 

8.5439 

8798 

0.3336 

+8.3333 

-9 

9510 

—9.4007 

9335 

9.9S63 

S.4333 

6 

7890 

0.455O 

+  7.7036 

-9 

7698 

-8.87J7 

9346 

9.9380 

I330 

8.5998 

8 

9397 

0.37,7 

+8.4475 

-9 

97S9 

-9-4748 

0 

9393 

9.95,0. 

133) 

8.7338 

9 

o536 

0.0637 

+B.649O 

—9 

9989 

-9.5540 

0 

9394 

9.9570 

1333 

8.4749 

8 

8038 

0.4371 

+  7.9688 

—9 

S4.7 

—9.1337 

93,0 

9.956, 

1333 

e.53i. 

8 

8589 

0.3567 

+6.37.7 

-9 

9347 

—9.3695 

93,1 

9.,se6 

1334 

8. 4839 

8 

8038 

o.435o 

+  7.9905 

-9 

8458 

-9.1439 

9375 

9.955a 

ia3S 

9.0039 

9 

319S 

o.35o3 

-8.985= 

-1-9 

8679 

+9.6.98 

0 

9407 

9.9545 

1336 

8.46S4 

8 

7838 

0.46II 

+7-0369 

-9 

7496 

-8.8083 

0 

,i.o 

9.954a 

Ia37 

B.4690 

B 

7768 

0.4354 

+6.5o64 

-9 

647  < 

-7.6834 

9473 

9.9539 

1333 

B.6000 

8 

9074 

0.6191 

-8.4377 

+9 

45o3 

+9.473, 

9476 

9.95.8 

1339 

8.5886 

8 

8934 

0.3134 

+8.3986 

-9 

9590 

-9.4576 
-8.8009 

^11 

9.95,3 

i»il 

8.48i5 

8 

779' 

0.4636 

+7.6393 

-9 

7445 

0 

9.9509 

■  34l 

8.5i5e 

8 

8139 

0.4060 

+8.1.98 

—9 

8786 

-9.3577 

0 

9559 

9.9608 

1343 

8.53a3 

8 

8364 

0.5673 

-9.1976 

+8 

4440 

+9.33.4 
-8.6787 

9583 

9.9501 

(343 

8.4833 

8 

7763 

0.4690 

+  7.5o5o 

—9 

7ao4 

959. 

9.9499 

■  >J4 

8.5943 

8 

8754 

0.33^8 

+8.3844 

-9 

9485 

-9.4565 

9685 

9.94,4 

■  34S 

B.5758 

8 

856i 

0.3534 

+8.3310 

-9 

9349 

—9.4331 

0 

969, 

9.94,3 

1346 

S.6111 

8 

8854 

o.3iB3 

+8.4,89 

-9 

954. 

-9-4795 

0 

9739 

9.9459 

ia47 

B.5304 

e 

7943 

o.4a5a 

+8.0350 

—9 

8444 

-9.1865 

9741 

9.9459 

■  348 

8.5333 

8 

Bo4. 

0.41I3 

+8.1196 

-9 

8695 

-9.3606 

9765 

9.94S> 

1349 

B.555I 

8 

8a3o 

o.568> 

-8.3385 

+8 

5o65 

+9.3500 

97B9 

9.944s 

I35o 

+8.9037 

-9 

16S1 

+0.7690 

—8.865a 

+9 

8019 

+9.641, 

—° 

99oi 

-<,.n44o  l^ 
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No. 
I25l 

B.A.C. 

Constellation. 

Mac. 

Right  Aocenaion, 
Jan.  1,  1650. 

Annnal 
Variation. 

North  Polar  Dtat^ 
Jan.  1,  18S0. 

▼tssi 

6877 

Sagittarii, 

5 

Am.         M. 
19  54  48.47* 

+  3.84o 

122    28    22.x* 

m 

-9-5i 

1 25a 

6879 

1 5  VulpeculK, 

5 

54  55.4o« 

2.469 

62    39    28.0* 

9.7s 

1253 

688a 

Vulpecule, 

5 

55  23.47 

2.543 

65  36  44.2 

9.7s 

1254 

6905 

64  Draconis, 

e 

5 

59  53.41 

o.65i 

25  35  54.4 

lO.OQ 

1255 

6926 

67  Draconis, 

P 

4 

30    2    7.69* 

o.3oo 

22  33  i4.i* 

io.i3 

[256 

6933 

66  Draconis, 

5 

3    9.i7« 

0.964 

28  s6   19. 7* 

10.33 

1257 

6934 

65  Aquile, 

e 

3^ 

3  33. 76^ 

3.I03 

01   i5  44. 8« 
53  35  56.7* 

io.3s 

I25d 

6937 

38  Cygni, 

b* 

5 

3  5i.43« 

2.228 

10.43 

.259 

695a 

67  Aquile, 

p 

5 

7    20.25 

2.779 

75   i5  SX.9 

10.66 

1260 

6959 

Cygui, 

5 

8  21.19 

1.671 

38  59  lo.o 

10. 6S 

I26I 

6965 

3i  Cvffni, 
Vulpecule, 

0« 

4 

8  54.58« 

1.890 

43  4a  4o.6* 

X0.75 

126a 

6966 

5 

8  54.68 

2.540 

64  5i   43.2 

10.70* 

1263 

6973 

5  Capricomi, 
23  Vulpecule, 

o» 

4 

9  19. 76* 

3.334 

102  58     4.0* 

10.75 

ia64 

6973 

4^ 

9  33.36 

2.485 

62  38  3a. 4 

X0.80 

ia65 

6974 

6  Capricomi, 

tf» 

3 

9  43. 67* 

3.339 

io3     0  20.7* 

10.79 

1266 

6976 

33  Cygni, 

4i 

9  54.48« 

1.401 

33  53  a3.o* 

lo.Si 

1267 

6979 

24  Vulpecule, 

5 

10  22. XX 

2.569 

65  47  14.0 

10. Ss 

126S 

6983 

33  Cygui, 

4^ 

10  49.97* 

1.854 

42  44  39. 2« 

10.57 

1269 

6991 

8  Capricomi, 

V 

5 

12  20. 3o* 

3.337 

io3  i3  36. 7» 

10.9^1 

1270 

6995 

9  Capricomi, 

p 

3^ 

12  34. 69* 

+  3.38o 

io5  i5     3.4* 

1 1. 01 

1271 

6999 

Urse  Minoris. 

,  A 

5 

i3     x.76« 

— 53.X84 

X     8  aa . ©• 

IX. ot 

1272 

7004 

PaTonis, 

a 

3 

i3  45. o3 

+  4.807 

147  la   35.3 

IX. OS 

1273 

7005 

X  Cephei, 

K 

4* 

i3  5o.39* 

—  1.862 

xa  44  34.7* 

11.07 

1374 

7033 

37  Cygni, 

r 

3 

x6  5o.8i* 

+  2.i53 

5o  i3   i5.4* 

II. 3c 

1375 

7037 

Cygni, 

5 

17  25.78 

2.126 

49  ay     4.6 

ix.3i 

1376 

7039 

39  Cygni, 

5 

17    52.25 

2.395 

58  17  a6.5 

ii.io; 

1277 

703 1 

10  Capricomi, 

ir 

5 

18  43.79* 

3.446 

X08  4t    57. !• 

ii.i6i 

1278 

7043 

II  Capricomi, 

P 

5 

20  17. 88* 

3.433 

108  18   19. 4* 

ii.SSj 
11.65^ 

ii.rS! 

1 

1279 

7o58 

69  Aquile, 

5 

21  48.6a 

3.X45 

93  aa  49.1 

ia8o 

7067 

4 1  Cygni, 

4i 

23  15.99 

2.45o 

60     7  46.3 

ladi 

7085 

45  Cygni, 

«• 

5 

25  24.79 

X.858 

4i  33     a. 5 

1 
11.91J 

laSa 

7088 

3  Delphini, 

e 

4 

26     2.66« 

2.868 

79  la   II. a* 

11.9) 
11.9S 

1283 

7091 

46  Cygni, 

u» 

5 

26  40.95 

i.85i 

4i   17     1.5 

1294 

7096 

Indi, 

a 

3 

26  59.94 

4.364 

x37  48  34.0 

13. 06* 

1285 

7098 

2  Cephei, 

e 

5 

27     3.34* 

1.020 

37  3o  3a. I* 

"•99i 

12S6 

7106 

PaTonis, 

V 

5 

28     7.79 

5.642 

i57  17     0.3 

.1 
ti.^tj 

1287 

7107 

4  Delphini, 

<■ 

5 

28  17. 73* 

2.807 

75  5o  a3.9* 

13. |3^ 

1288 

7131 

6  Delphini, 

i3 

4 

3o  3o.86* 

2.8x3 

75  55  a5.o» 

12. s3^ 

1389 

7123 

71   Aquile, 

5 

3o  35.34* 

3.104 

91   37  3i.i 

12. t7^ 

ia9o 

7139 

Pavonis, 

P 

3 

3i  33.68 

5.524 

i56  44     9.6 

12.19 

1291 

7x34 

1 5  Capricomi, 
8  Delphini, 

V 

5 

3i  3o.36« 

3.426 

X08  39  45.9* 

12. X 

ia9a 

7137 

e 

4^ 

3t  39.20 
32  40.26* 

3.833 

77  13  26.7 

I2.S< 

1293 

7149 

9  Delphini, 

a 

3^ 

2.791 

74  36  49.4* 

X9.it 

1394 

7i65 

Pavonis, 

a 

4i 

35     o.5i 

5.823 

159  xo      1.5 
45  x5   ia.4* 

13.63 

1295 

7171 

5o  Cygni, 

a 

I 

36  19. 12* 

2.o44 

12.f4 

1296 

7173 

1 1   Delphini, 

6 

4 

36  27.5o« 

2.8o4 

75  27  36.8 

12.i3J 

1397 

7177 

16  Capricomi, 

V' 

Ak 

37    I2.3l» 

+  3.570 

ii5  48  ai.7* 

ii.SSJ 

1298 

7178 

75  Draconis, 

5^ 

37  aS.ao* 

—  3.38a 

9    5  4i.o* 
I  so     4.6 

12. 7a 

•^09 

7184 

Urse  Minoris, 

5 

37  47-97 

— 41.326 

Ifl.TSJ 
—  19.141 

'i 

7196 

3  Aquarii, 

e 

4^ 

20  39  33. x3* 

+  3.959 

100    s  s8.6* 
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No. 
1261 

Logarithms  of 

Logarithnu  of                              ] 

a 

b 

1        ^ 

d 

a' 

b' 

c' 

d' 

+8.5792 

— 8. 84o8 +0.5817 

—8.3091 

+9.0204 

+9.41x4 

—0.9837 

— 9.943 X 

1252 

8.5572 

8.8x83 

0.39x7 

+8.2193 

-9 

.8967 

—9.3440 

0 . 984 1 

9.9439 

1253 

8.549o 

8.8070 

o.4o4^ 

+8.1638 

-9 

.8790 

—9.2993 

0.9857 

9.9435 

1254 

8.8869 

9.1260 

9.8x49 

+8.8421 

-9 

.9862 

—9.6537 

I . 0008 

9.9377 

1255 

8.9460 

9.X753 

9.4738 

+8.9114 

-9 

.9831 

—9.6713 

i.oo8x 

9.9352  . 

1256 

8.8553 

9.0801 

9.9776 

+8 .  7994 

—9 

.9832 

—9.6533 

x.oxx4 

9.9340 

1257 

8.5345 

8.7576 

0.4908 

—6.8775 

—9 

.6181 

+8.0535 

1.0x27 

9.9336 

1258 

8.6296 

8.85x4 

0.3474 

+8.4o3o 

—9 

.9336 

—9.4848 

x.ox36 

9.9332 

1259 

8.5607 

8.7677 

0.4438 

+7.9663 

—9 

.8034 

—9.1279 

1.0244 

9.9292 

ia6o 

8.75o5 

8.9532 

0.2230 

+8.64io 

-9- 

.9692 

— 9.6159 

1.0275 

9.9280 

1261 

8.7114 

8.91x8 

0.2759 

+8.5704 

-9 

.0597 
.8764 

—9.5860 

x.0292 

9.9273 

1262 

8.5941 

8.7945 

o.4o48 

+  8.2223 

—9 

—9.3552 

1.0292 

9.9273 

Z263 

8.5634 

8.7620 

0.5225 

—7.9144 

—9' 

.3679 
.8885 

+9.0792 

i.o3o4 

9.9268 

1264 

8.6043 

8.8020 

0.3956 

+8.2666 

— 9- 

— 9.3912 

i.o3xx 

9.9266 

1265 

8 . 5646 

8.7616 

0.5226 

—7.9169 

-9' 

,3672 

+9.0817 

i.o3i6 

9.9264 

1266 

8.8075 

9.0037 

o.x435 

+8.7267 

— 9" 

.9743 
8700 

—9.6491 

I.o322 

9.926X 

1267 

8.5952 

8.7895 

0 . 4089 

+8.2081 

— 9- 

—9.344a 

I.0335 

9.9256 

1268 

8.7249 

8.9172 

0.2680 

+8.5908 

-9' 

9602 

—9.5986 

1.0349 

9.9260 

1269 

8.5727 

8.7588 

o.523o 

— 7.9322 

-9- 

363 1 

+9.0966 

1.0393 

9.9232 

I870 

8.5773 

8.7624 

+0.5284 

—7.9973 

-9- 

2978 

+9.1578 

x.o4oo 

9.9229 

1271 

0.2644 

0.4477 

— X.7254 

+0.2643 

—9' 

9267 

—9.7390 
+9.6658 

i.o4x3 

9.9223 

1272 

8.83i4 

9.0117 

+o.68i5 

-8.7561 

+9. 

6689 

1.0434 

9.92x4 

1273 

9.22x8 

9.4017 

— 0.2699 

+9.2110 

-9- 

9588 

— 9.7306 

1.0437 

9.9213 

■ 

1374 

8.6882 

8.8558 

+0.3325 

+8.4943 

— 9- 

9358 

— 9.5560 

I.o522 

9.9x75 

■ 

1275 

8.6947 

8.8599 

0.3276 

+8.5077 

— 9- 

.9377 

—9.5645 

i.o538 

9.9x67 

1276 

8.6469 

8.8io3 

0.3783 

+8.3676 

—9' 

9045 

—9.4734 

i.o55o 

9.9x62 

1277 

8.6026 

8.7625 

0.5369 

—8.1086 

— 9' 

.1688 

+9.26XX 

1.0574 

9.9150 

1278 

8.6059 

8.7594 

0.5356 

— 8.1029 

—9' 

1903 

+9.2564 

x.o6x6 

9.9x30 

1279 

8.5881 

8.7356 

0.4962 

—7.3587 

— 9- 

.5857 

+8.5340 

x.o657 

9.9x09 

1280 

8.6531 

•  8.7948 

0.3888 

+8.35o4 

-9- 

8922 

—9.4646 

1.0695 

9 . 9090 

1281 

8.7751 

8.9082 

0.2685 

+8.6492 

--9' 

9496 

— 9.6470 

i.o75x 

9 . 9060 

1282 

8.6062 

8.7368 

0.4572 

+7.8788 

— 9- 

761 1 

—9.0471 

1.0767 

9.9051 

1283 

8.7806 

8.9087 

0.2670 

+8.6565 

-9- 

9489 

— 9.6520 

1.0784 

9.9042 

1284 

8.7737 

8 . 9006 

0.6286 

—8.6435 

+9- 

.4804 

+9.6467 

1.0792 

9.9038 

1285 

8.9365 

9.0631 

0 . 0060 

+8.8843 

-9- 

9595 

—9.7250 

1.0793 

9.9037 

1286 

9.0x69 
8.6175 

9.1393 

0.7497 

—8.98x9 

+9. 

7550 

+9-7447 

x.0820 

9.902a 

1287 

8.7392 

0.4474 

+8.0060 

—9' 

7896 

— 9.X687 

X.0824 

9.9019 
9.8987 

1288 

8.6229 

8.7359 

0 . 4480 

+8.0089 

— 9- 

7878 

— 9.X7X7 

I .0879 

1289 

8.6100 

8.7227 

0.49x4 

— 7.0627 

— 9- 

6x42 

+8.2387 

1.088X 

9.8986 

1290 

9. 01 52 

9 . 1248 

0.7424 

—8.9784 

+9- 

.7436 

+9.75x0 

1.090X 

9.8976 

1291 

8.6355 

8 . 7446 

0.5349 

— 8.x4o6 

-9- 

2000 

+9.2933 

I . 0904 

9.8973 

1292 

8.6233 

8.7319 

0.4520 

+7.9686 

-9« 

.7766 

— 9.X337 

1.0907 

9.8970 

1293 

8.63o7 

8.7353 

0.4443 

+8.0545 

-9- 

7973 

—9.2x47 

X.0932 

9.8955 

1294 

9.0724 

9.1679 

0.7659 

— 9.0435 
+8,6x97 

+9- 

7607 

+9.7676 

1.0988 

9.8920 

1295 

8.7721 

8.8625 

o.3xoo 

-9- 

93x8 

—9.6473 

x.xox8 

9.8900 

1 996 

8.638o 

8.7278 

0.4474 

+8.0378 

—9. 

7888 

—9.1997 

X.1022 

9.8808 
9.8886 

1297 

8.67x2 

8.7582 

+0.5528 

— 8.3xoo 

—8. 

7308 

+9.44o5 

I. 1039 

IS98 

9.4372 

9.5x34 

— 0.5299 
— x.6x52 

+9.4318 

— 9- 

9202 

—9.7967 

I .1044 

9.8883 

1299 

0.2599 

0.3443 

+0.2598 

— 9- 

.8931 

— 9.8o3i 

i.io55 

9.8876 

iSoo 
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36  43.3a* 
36  5».o3 

sS  ao.6o* 
a8  40.46* 

3.306 

0.B07 

•dtl 

+3.375 

44  7     S.o* 
ao    5  49-7* 
3o  13     3.9 

45  4  lo.o* 
no    8     6.5* 

■  346 

'.1% 

ill 

33  a'E 
4o  Capriecmi, 

r 

5i 

09     6.1S 
09  45.77* 
3i     1.09 
3t  46. 4o* 
ai  33  37.80 

-,.38, 

+3.309 

3.004 

3.341 

+  3.433 

■0     7  48.8 
98  3i   86.1* 
h  54  i«.9 
107  ao   i3.9* 
113  56   16.3 

-l6.of 

Table  XXX. 


453 


Catalogue   of   1500  Stars. 


No. 
iSoi 

Lofarithmaor 

Logarittama  of                               ] 

a     ■ 

b         1         c 

d 

a' 

b' 

c' 

d' 

+8.6476 

—8.7349 

+0.4448 

+8.0769 

—9.7953 

—9.2367 

— I .1096 

—9.8847 

X302 
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+  0.4195 
+  0.1099 
+  0.0455 
+  0.0387 
+  0.0376 
+  o.o36i 
+  0.1009 
+  0.0436 
+  o.o4o3 
+  0.7265 
+  o.o46i 
+  o.o535 
+  O.I385 
+  0.0735 
+  0.0438 
+  0.0435 
+  0.0379 
+  0.0724 
+  0.0729 
+  o.iiiS 
+  0.0357 
+  0.1913 
+  0.1244 
+  0.0858 

+    O.20l5 

+  0.0789 
+  o.o38i 
+  0.0369 
+  o.33i8 
+  0.1234 
+  0.2495 
+  o.ii5i 
+  0.0923 
+  o.o38i 
+  o.o54i 
+  0.0922 
+  o.o45a 
+  0.2928 
+  o.o543 
+21  .i44i 

—  0.6157 

—  0.0371 

—  o.o4i8 

—  0.0459 

—  0.0587 

—  0.0359 

—  0.0600 

—  o.o4oo| 


L. 


Tar. 


235 
2  So 

255 
271 
272 
273  — 

284 
286 

290 

294 
298 

299 

3o8 
3io 
3i5 
3i6 
328 

334 
337 
342 
346 
36i 
363 
369 
370 
373 

374 
378 
387 
390 
399 
4o3 

4o4 
407 

4x1 
4i3 
^16 


«. 
o.i6ii 
0.0961 
o.oiSa 
-29.3200 
•  o.o6o3 
0.1670 
o.oiii 
o.iaoS 
0.117X 
o. iii9 
0.3656 
33.6910 
o.o7iS 
o.363o 
o.5i36j 
o.3o64i 
0.1733 

O. 1S3I 

o.o65d 
0.0368 
o.a663 
o.o35i 
0.0436 
0.0663 
0.0&37 
0.0356 
0.0369 
0.0476 

O.O.^I  ! 

o.clJJJol 
o.iii^l 
o.oic?' 

0.04:1 ! 

o.c^Si 

i.i::4 


—  o.c: 


420 

4=4 
427 
435 
437 

439 :  — 

444 
448 
453 
454 
464 
466 
472 
478 
485 
486 
488 
489 
490 
491 

494 
495 

499 


—  o.(y 


"V 

1  «• 


+ 
+ 

+ 
+ 
+ 


0.2170 

o.c556 
0.3933 

0.03761 

O.oiOOj 

o.o6ti< 
0.0671 ' 
0.0359. 
o.cv455i 

0.4747; 
0.070JJ 

0.0569! 

0.3599 

o.o6i3 
o.SsSi 
o.oToi 
0.0735 
o.o5oi 
o.oSirj 
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Secular  Variation  of  the  Annual  Precession  in  North  Polar  Distance. 


Star. 

'  See.Var. 

star. 

Sec.  Var. 

Star. 

Sec.  Var. 

Star. 

Sec.  Var. 

Star. 
1028 

Sec.  Var. 
—  o.58o 

Star. 
1X33 

Sec.  Var. 

60 

1 
-f-0.713 

397 

+0.479 

f0 

4i3-|-o.62i 

592 

+o.5ii 

— 0.457 

i5o 

o.43o 

298 

0.587 

4i5 

o.5oi 

622 

-I-0.713 

1029 

o.58x 

1x34 

o.58o 

i5i 

0.447 

3oo 

1.367 

4i8 

0.632 

63o 

+0.544 

io32 

0.683 

Ii36 

0.648 

166 

0.549 

3o5 

0.483 

421 

0.533 

827 

— o.5o8 

io33 

0.443 

xx37 

0.671 

172 

0.462 

3o8 

0.579 

42a 

0.907 

829 

— 0.646 

io36 

0.659 

xx38 

0.8x7 

176 

0.539 

3io 

0.444 

423 

0.486 

83i 

— o.5ii 

io38 

0.664 

xi4o 

0.539 

177 

o.5a3 

3l2 

0.625 

424 

0.93d 

857 

— 0.622 

io4o 

o.55i 

ii4i 

0.646 

178 

o.5o3 

3i3 

0.553 

425 

1.373 

892 

+0.496 

1044 

—  0.604 

Xl42 

—0.497 

181 

0.46S 

3x7 

0.592 

427 

0.469 

894 

—0.443 

1045 

+  0.913 

1x43 

+3.807 

i83 

0.481 

322 

o.45o 

428 

o.45o 

895 

0.577 

io46 

—  0.484 

ii44 

— 0.645 

188 

0.493 

324 

0.542 

439 

0.611 

896 

0.490 

io5o 

0.527 

1x46 

0.622 

189 

o.6o3 

325 

0.432 

43i 

0.568 

897 

0.441 

io5i 

0.883 

1 149 

1.022 

190 

0.735 

326 

0.461 

433 

0.747 

903 

0.449 

io55 

0.438 

xi5x 

0.855 

191 

0.440 

327 

0.569 

443 

o.5o5 

905 

0.438 

io58 

o.5io 

1x53 

0.856 

19a 

0.476 

328 

o.5i6 

447 

1.852 

913 

0.607 

1059 

0.480 

1x54 

0.474 

193 

0.636 

329 

o.45o 

449 

0.582 

914 

0.45 1 

1061 

0.718 

1x55 

0.540 

3IO 

o.63i 

33i 

1. 143 

45o 

0.538 

920 

0.462 

1062 

0.525 

1x56 

o.8o4 

311 

0.454 

333 

0.438 

453 

0.743 

924 

0.476 

io63 

0.709 

1x63 

0.894 

313 

1. 160 

334 

0.461 

454 

o.43o 

934 

0.696 

1064 

0.666 

xi65 

0.5x9 

316 

0.489 

335 

o.56i 

455 

0.483 

935 

0.455 

io65 

0.524 

xx66 

0.532 

3l8 

0.475 

336 

0.441 

456 

0.640 
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0.432 

1066 

0.774 

X167 

o.5x8 

335 

0.553 

340 

0.475 

458 

0.585 

938 

0.629 

1067 

0.548 

XX7X 

o.5xo 
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0.441 

34 1 

0.476 

462 

0.481 

942 

0.434 

1070 

0.665 

XX79 

0.543 

338 

0.543 

345 

0.439 

464 

0.685 

947 

0.465 

1 07 1 

0.585 

X183 

0.509 

33l 

0.557 

346 

0.475 

465 

0.499 

948 

o.45o 

1072 

0.526 

xx84 

0.574 

333 

o.5i8 

347 

o.5i7 

467 

0.559 

952 

0.444 

1073 

0.585 

xx85 

o.53i 

335 

0.574 

348 

0.556 

470 

0.577 

954 

0.486 

1075 

0.620 

1x86 

0.59X 

34o 

0.477 

349 

0.435 

471 

0.874 

956 

0.436 

1078 

0.496 

XX87 

o.45o 

34 1 

0.441 

352 

0.438 

472 

•  o.5i6 

958 

0.526 

1081 

0.471 

X189 

0.576 

346 

0.449 

355 

o.6o3 

475 

0.448 

960 

0.435 

1082 

x5.545 

XI 90 

0.583 

348 

o.45o 

356 

0.534 

476 

0.529 

961 

0.491 

io83 

0.849 

XX9X 

o.5o3 

360 

0.453 

359 

o.6o4 

ii8o 

0.524 

962 

0.439 

io84 

0.600 

XI 92 

0.456 

35l 

0.469 

36o 

0.780 

48 1 

0.466 

964 

0.441 

1086 

0.488 

1x93 

o.5x5 

35a 

0.445 

36i 

0.730 

482 

o.5o3 

965 

0.458 

1087 

0.52I 

XI 96 

0.490 

354 

0.460 

364 

0.548 

488 

o.5o3 

967 

0.683 

1089 

o.43o 

1201 

0.601 

355 

o.45i 

367 

o'.5i9 

490 

0.485 

968 

0.468 

1090 

0.608 

1202 

0.602 

356 

0.45 1 

369 

0.473 

491 

0.497 

969 

0.442 

1092 

0.548 

I2o4 

0.483 

358 

0.453 

371 

0.717 

495 

1.299 

975 

0.576 

1093 

0.592 

I2o5 

0.577 

361 

0.460 

374 

o.64i 

499 

0.483 

977 

1.157 

1094 

0.437 

1209 

0.673 

36a 

0.440 

375 

0.648 

5ii 

o.58o 

978 

0.472 

1097 

o.56i 

X2l6 

0.448 

366 

o.45o 

376 

0.595 

5l2 

0.773 

984 

0.458 

1098 

0.533 

X2I7 

0.495 

369 

o.45o 

38o 

0.481 

5i4 

0.448 

986 

0.470 

1099 

0.481 

I2I8 

0.436 

370 

0.486 

382 

0.517 

5i6 

0.457 

989 

0.457 

iio3 

0.460 

1225 

0.459 

373 

0.674 

383 

0.532 

523 

o.6o5 

994 

0.485 

iio5 

0.433 

1235 

0.930 

377 

0.807 

384 

0.519 

525 

o.56i 

996 

o.5i7 

1 107 

0.438 

1238 

0.544 

378 

0.442 

385 

0.772 

536 

o.5o6 

997 

1 .117 

1 109 

o.84i 

1242 

0.480 

379 

0.449 

386 

0.499 

529 

0.611 

1 000 

0.455 

mo 

0.476 

1249 

0.475 

380 

0.439 

388 

0.786 

532 

0.653 

1 001 

0.471 

nil 

0.681 

I25o 

0.741 

381 

0.467 

389 

0.966 

537 

0.625 

1006 

0.817 

IIX2 

0.558 

I25l 

— 0.488 

38a 

0.661 

391 

0.497 

557 

0.453 

1007 

0.526 

iii5 

0.562 

I27I 

+6.481 

384 

o.43a 

392 

0.808 

558 

0.599 

1008 

0.498 

1116 

0.439 

1272 

— 0.585 

385 

0.539 

394 

0.558 
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0.439 

lOII 

0.443 

1117 

o.doS 

1284 

—0.407 
— 0.654 

386 

0.468 
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o.52j9 
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0.568 

ioi3 

0.709 

1118 

0.554 
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0.773 
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ioi4 
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o.65o 
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0.469 
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1294 

— 0.663 
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1 1 24 

0.533 
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+4.64I 
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0.583 

4o4 

o.5i8 

57a 

0.493 

1022 

0.538 

II26 
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+  0.653 

i3o8 

— o.5a6 
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0.734 

4o5 

X.5l2 
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0.440 

I033 

0.454 

1x27 

i3xo 

— o.83o 

394 

o.5oo 

4o8 

0.470 
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i      0.895 
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+  0.653 

1 334 

— 0.490 
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58s 

fi+0.453 

1035 
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Ii2q 
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SXXIIL— Elemests   of  the,Planetabt  Systek., 

Num. 

^J 

IWBuiMrhnHHSoii- 

.',:sf 

Grr.le.1       ;        LeMI 

lii-. 

aoreuiy 

g 

0.3670994 

0.4666987 

o.3o75o4 

0.905617a 

87.969382^,115.87, 

i 

0.7333317 

1  .SaJSgi 

5.^03767 
9. 5388 So 
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1.0.67751 
1.6657795 
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73    8  47-B 

— 36.05 

+O.03 

,' 
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IS 
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mrf* 

Ml 
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354936 

o.a-So 

B8.36 

MorciUT 

a4 

.  an 

6.69 

3,069 

o.o6<, 

1.335 

10.5B 

4.59       0.48 

;.- 

17.1. 

7.89* 

0.9101 
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..94 

t.91        0.90 

Earth.. 

'    4 

0.967      ,.^ 

ic.ii 

a4  3 

7  aa 
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0.1364 
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o.5a4 
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9  5 
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o.o4o6 

0.O336    3.45 
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101.364 

o.i3i 
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The  preceding  plcmcnu  of  Neptuno  are  for  tbo  begismam  of  1B64 ;  ttw  otfaon  an  fa  tbt  bt- 
ginning  of  laiO. 
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EUmenU  of  the  Moon, 

Mean  distance  from  the  earth 69. 96435  terrestrial  radii. 

Mean  sidereal  revolution 27.321661418  days. 

Mean  synodical  revolution 29. SSoSSSyi 5  days. 

Mean  longitude  January  i,  1801 n8°  17'    8". 3. 

Mean  longitude  of  perigee  at  do 266°  10'    7". 5. 

Mean  longitude  of  ascending  node  at  do 1 3°  53'  1 7" .  7. 

Mean  inclination  of  orbit 5°    8'47".9. 

Mean  revolution  of  nodes *. 6798 .  279  days. 

Mean  revolution  of  perigee 3232 .  57534^  days. 

Ekscentricity  of  orbit o.o548442. 

^Diameter  of  the  moon 2i53  miles. 

Density,  that  of  the  earth  being  i o.  5657. 

Mass,  that  of  the  earth  being  1 o.  01 1399. ^^^ 


"Elements  of  the  SaieUites  of  Jupiter, 


Sat. 


I 
2 
3 
4 


Sidereal  Rerolution. 


d.    k.     fit.    9. 

I   18  27  33.5o5 

3  x3  i3  42.o4o 

7  3  42  33.360 

16  16  32  II. 271 


Distance  in 
Radii  of  Jupiter. 


6.04853 

9.62347 

i5.35o24 

26.99835 


Orbit  inclined 

to  Jupiter's 

Equator. 


007 
016 
O  5  3 
o     o  24 


Diameter. 


Apparent. 


I.0l5 
O.911 
1.488 
1.273 


In  Miles. 


2436 
2187 
3573 
3o57 


Mass,  tliat  of  Jupi- 
ter beinf  1. 


.000017328 
.00002 32 3 5 

.000088497 
. 000042609 


Elements  of  the  Satellites  of  Saturn. 


Sat. 


Sidereal  Rerdution. 


X 

a 
3 

4 
5 
6 

7 
8 


d,    A  tn.   #. 

0  22  36  17.7 

1  8  53  2.7 

1  21  18  33.0 

2  17  44  5 I . 2 
4  12  25  II. I 

i5  22  4i  24.9 

21  4  20 

79  7  54  4o.8 


Distance  in 
Radii  of  Sat- 
urn. 


3.i4o8 
4*o3i9 
4.9926 
6.399 
8.932 
20.706 
25.029 
64.359 


Eccentricity. 


0.06889 
Uncertain. 

o.oo5i 

0.02 

0.02269 

0.029223 
o.ii5 

0.025 


Longitude  of 
Peri-Satumium. 


io4  42 

184  36 

42  3o 

95 
244  35  5o 
295 
x3o 


Mean  Longitude. 


264  16  36 
67  56  25 
i58  3i  o 
3s7  4o  48 
353  44    o 

137   31    24 
32 

269  37  48 


Epoch. 


1789.705 

1789.705 

i836.3o8 

i836.o 

1836.0 

i83o.o 

1849.0 

I 790 . o 


Elements  of  the  Satellites  of  Uranus. 


Sat. 


I 

2 
3 
4 


Sidereal  Revolution. 


Days. 
2.52o35 

4.14397 
8.705886 

13.463293 


Daily  Motion. 


142.8373 
86.8732 

4i.35i33 
26.73943 


Mean  apparent 
Distance. 


13.54 

19.28 

31.44 
42.87 


Mean  Distance  in 
Miles. 


I 19994 
170863 
278627 
379921 


Elements  of  the  Satellite  of  Neptune, 

Sidereal  rerolntion Sd,  21A.  am.  4At, 

Apparent  mean  distance 16". 98. 

True  mean  distance a35,8oo  miles. 

Orbit  inclined  to  the  plane  of  ecliptic i5i.o 
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Table  XXXV. — ^Elbkbhts  op  the   Abtbroids. 


No.] 


Name. 


I 

2 

3 

4 
5 
6 

7 
8 

9 

[O 

I 

2 

3 

:4 
5 
6 

7 

[8 

9 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

3o 
3i 

32 

33 

34 
35 
36 

37 
38 

39 

4o 


Dlflcorered 


.1 


Wuen. 


By  wnom.     \     Wnere. 


4i 

4i» 

42 

43 

44 

45 

46 

47 

48 

49 
5o 

5i 

5s 


Ceres 

Pallas 

Juno 

Vesta 

Astnea 

Hebe 

Iris 

Flora 

Metis 

Hygeia 

Parthenope 

Clio 

Egeria 

Irene 

Eanomia 

Psycho 

Thetis 

Melpomene 

Fortuna 

Massilia 

Lutetia 

Calliope 

Thalia 

Themis 


Phociea 

Proserpina 

Euterpe 

Bellona 

Amphitritc 

Urania 

Euphrosyne 

Pomona 

Polyhymnia 

Circe 

Leucothea 

Atalanta 

Fides 

Leda 

Letitia 

Harmonia 


Daphne 

Isis 

Ariadne 

Nysa 

Eugenia 

Hestia 

Aglaia 

Doris 

Pales 

Virginia 

Nemansa 

Ean^ 

CdypM 


801,  Jan.  I       i 

803,  March  28 

804,  Sept.  I 
807,  March  29 
845,  Dec.  8 

847,  July ' 

847,  Aug.  1 3 

847,  Oct  18 

848,  April  25 

849,  April  12 

850,  May  1 1 
85o,  Sept.  1 3 
85o,  Nov.  a 
85i,May20 
85i,  July29 
852,  March  17 

852,  April  17 
852,  June  24 
852,  Aug.  23 
852,  Sept.  19 
852,  Nov.  1 5 
852,  Nov.  16 

852,  Dec.  1 5 

853,  April  5 

853,  April  6 
853,  May  5 

853,  Nov.  8 

854,  March  i 
854,  March  i 
854,  July  22 
854,  Sept.  I 
854,  Oct.  28 

854,  Oct.  28 
855;  April  6 

855.  April  19 

855,  Oct.  5 
355;  Oct.  5 

856,  Jan. 12 
856,  Feb.  8 
856,  March  3 1 

856,  May  23 

857,  Sept.  9 

856,  May  23 

857.  April  1 5 
857,  May  27 
857,  June  27 
857,  Aug.  16 
857,  Sept  i5 

857.  Sept  19 

857,  Sept.  19 
857;  Oct  4 

858,  Jan.  32 
858,  Feb.  4 
858,  April  4 
858,  Sept.  10 


Piizzi 

Olbers 

Harding 

Olbers 

Hencke 

Hencke 

Hind 

Hind 

Graham 

Gasparis 

Gasparis 

Hind 

Gasparis 

Hind 

Gasparis 

Gasparis 

Luther 

Hind 

Hind 

Gasparis 

Goldschmidt 

Hind 

Hind 

Gasparis 

Chacomac 

Luther 

Hind 

Luther 

Marth 

Hind 

Ferguson 


Palermo 

Bremen 

Lilienthal 

Bremen 

Dricssen 

Dricssen 

London 

London 


3feanDI». 

tonee. 


itj- 


— I — : — ! 

7. 7c. 765938  o. 
7.9  a.77o386jO. 
8.72.668678,0. 
6.6;3. 36x339  ;>. 
10.0I2. 576500  o. 


Markree 

Naples 

Naples 

London 

Naples 

London 

Naples 

Naples 

Bilk 

London 

London 

Naples 

Paris 

London 

London 

Naples 


8.6 
8.6 
8.9 


3.4254i8jO 

2.386i47'':> 
3.3ai3S6 


8.92.3357300 


9.8 
9.5 
9.6 
9.9 

9-7 
9.1 

10. 1 


3.i49373[i. 
2.45258>j|3. 
2.332811:3. 
2.575625,0. 
2. 589368 'o 
2.644180  o< 
2.933752  o 

2.473710^0 
3.296060,0 


23936-;  iGi^.i:* 
256176  iS^s.JCj 
090204  iZzb.'Ay 
189992  lSl^.:^> 
20165;  1 3-9. ?K- 
33o832i3:d.> 
156704  iri^.w* 

.133321  i3i5.y3ij 
, 100557 
098SS7 
,218920 
,084873  1S09.5: 
.  i6533c  iSsi.;:: 
.167357  i57a.ir. 
.  I3422;■I^35.v 


•*ni. 


1 3ci  ..;:'• 


9.0 
9.5 
9.7  3.44x368[o 


t 


9.3  2.409386  o 
10.3  2.43543i|0 
10. 6;3. 495579  o 

ii.o!3.63S824  o 
II. 6  3.14994710 


126865 
31707^ 
157922 
143696 
16204: 
io36k 
231732 
11750- 


U21.^' 
1270.-?: 

I.  •  ■    » 
2cii.vS 


Marseilles  10. 5  2. 401060,0.3 5253'  i3;*.^- 

Bilk 

London 

Bilk 

London 

London 

W'8h'gton'ii.6j3.i56i58o.2i6oi.  2  ,^.: 


9.1,2.554866  0.0723^'  1.191.:^ 
10. 1  2. 364 1 99  o.  12717-  1  '-*•*' 


Goldschmidtl Paris         !i  1.0.2. 589039  0.080617 


■ .  k  •  •  • 


Chacomac 

Chacomac 

Luther 

Goldschmidt 

Luther 

Chacomac 

Chacomac 

Goldschmidt 

Goldschmidt 

Goldschmidt 

Pogson 

Pogson 

Goldschmidt 

Goldschmidt 

Pogson 

Luther 


Paris 

Paris 

Bilk 

Paris 

Bilk 

Paris 

Paris 

Paris 

Paris 

Paris 

Oxford 

Oxford 

Paris 

Paris 

Oxford 

Bilk 


Goldschmidt  Paris 
Goldschmidt  Paris 
Ferguson       Wsh'gton 
Laurent         Nismes 
Goldschmidt  Paris 
Luther  Bilk 

Goldschmidt 


II. 4j2. 867075  0.3369S-  17"''-:: 
ii.5i2.6883o2  o.  loScS:  :^>i-j- 

22 1 02 5  i^^-'.r- 

297901"'  I ''*?-. 3- 

17479^^'": 
I5557O  I  to'? 

1  I  1075  it?"*!.'-- 

o46oi5  I2i•5.^t 


12.1  2.9S1229  o, 
12.9  2.748705  o 
10. 5:2. 641907  o, 
io.9'2.739685|o, 

9.312.769387  o. 

9.1  2.267148  o. 


Paris 


0.2  2.400337  o. 
.533257  **• 
.433889.0. 
.2o383^  o. 
.43o386'o. 
.742828  o. 
.53996S  o. 
.880435  o. 

I 

.  io6845'o. 
.0861 15  o. 
.650994  o. 
.3779120. 
.098316  o. 
.61389410. 
.734332  o, 
.7626i2'ti. 


0.2I2 

0.6i2 

o.o^a 
o.4!2 

I.o!2 

3.4,3 

1.5  2 

I 

i.4j3 
0.9.3 

3.3  3 
O.5I2 

0.5J3 

I  .0-2 
0.5I3 

1. 0)3 


2024^^  I  i:^.'-!- 
202S05  li*:.": 
222920  1 '•?'". ^• 
167565  iiv^>' 
1 466 1 S  i''-^^,?: 
095469  i':.':.:- 

128 1  3.1  i7^5.r.' 

077 1 nS  irs-^".:'* 

217660  I9*»,v:  - 

2**7i^o  i^-^.*' 

063857*  i3.<.'— 

102270  iosI.n' 

i8o35o  i3.;r-*>^ 
188066  i6js.iV* 

14109s  1^7  *•:'_ 


Table   XXXV. — ^Elements  of  the  Asteroids. 
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Nou 


I>in;dtude  of 
Ftti-itiuliun. 


I    I/)Dfdtui?e  of    I  Inclination  of 


'  tifccn.iiui^  Nude 


I 

3 

3 

4 
5 
6 

7 
8 

9 
lo 

II 

12 

i3 

1 4 
i5 
i6 

id 

»9 
2d 

31 
33 
33 

24 

25 

27 
29 

io 
3i 

32 

33 

U 
35 
36 

37 
3d 

39 

4o 


;U9 

ft  ^  «« 

64 

1 34 
i5 


26 

7 
o 

35 

35 


i3. 1  bo  ^9  54.7 
38.4;i73  .i>i  32.7 
55.61170  58  22.0 


10  36  27.8 

34  42  29.8 

i3  3  9.8 

7  8  9.1 

5  19  35.2 

2  23.4  i38  35  I9.5;i4  46  35.4 

5  28  1.4 
5  53  8.0 


29.4 
35.7 


io3  21  10.3 

i4i  24  4d.5 


4i  29  i5.3  269  46  16. 1 
32  54  2S.3  1 10  17  48.6 


71  3  55. G  68 
227  47  58. 8^287 


3i6 
3oi 
119 
179 
27 
i3 

259 
i5 
3o 
98 

327 
58 

123 

137 

3o2 
235 

87 

56 
3i 

93 
193 

34o 

149 

'198 

42 

66 

100 

I 

2 


10 

39 

12 

23 

3i 
16 


o/.^235 


7 
24.7 

59.  O: 
21  .9' 

8.1 
i4.8 


.  I  125 


22  5i  .2 
II  48.0 
22  5o.2 
28  37.6 
2  45.2 
16  4i . I 
58  4o.6 

54  9.7 


n 

39 
22 
39 

23 

5i 
33 

5i 
58 
5i 
22 
5 
4o 
58 


43 

86 

293 

i5o 

125 

i5o 

211 

206 

80 

66 

67 
36 


3i  3i.6  5 

38  34.2  3 

3  4i • 1  4 

34  41.7'  8 
17  55.716 
4o  4<5  9 
56  i5.8,ii 

35  34.0 


27 

4 

29 

4i 

27 
36 

38 

10 


i3.3 
33.3 
28.7 
27. C 
23.3 
54 


36 

47 
36 

23 

33 

7 
43 

4 


0.0 

9.3 
57.9 

19.4 
6.7 

7.4 

39.0 

6.5 


Mmu  daHy 
^lotion. 


5 
10 
I 
o 
3 
7.3 
34.4 
3o.3 


771 
769 
8i3 

977 
857 

939 

962 

1086 

962 

634 
923 
995 

b58 
85i 
825 
710 


9.0 
26.8 

0.0 
48.3 

6.6 

24.7 
6.6 

42.5 


46.1 
35.1 
53.9 

25. o 

35.8 

28. 4 


2i4  4 
45  -53 

93  44 
i44  43 
356  26 
3o8  1 3 

3i  25 
220  48 


(O 

o 


35  40.7^  911 

8  58.3jioi9 

32  28.6  930 

4i  7-3  949 
5  II .  I  933 

44  5i  .9  714 
i3  i3.6  832 
49.  1.8  634 


54.6 
j4.6 
4''>.o 

5.4 
5i.8 
46.3!  2 
23.0|:6 

1 .4:  5 


II 
3 


9 
6 


35 
35 
35 

7 
5 

25 

28 


9 

(84 
355 
359 
8 
296 


57.7  i57 
50.9  93 


4i  23o  21  29.6 


16 

47 

57 
8 

10 
27 

32 


9.2 
10.8 


I  56 
5  26 


26. 3j  8  12 
48.4 18  42 
23.4'  3  7 
47. 3|  6  58 
3i  .0  [o  20 
i5 


o  [O 

9  4 


4i» 

42 

43 

44 

45 

46 

47 
48 

5i 

53 

53 

54 
55 


3o3  17 
317  57 
277  i4 
46 
4 
4 
16 


2>*.  I 

48.4 


180 

195 

84 


53.6 
4o.3 
3i .  I 
3o.8 
49.6 
56.9 
12.4 
49.1 

4i.5 
33.2 
10.7 
9.5 
19.3 
31.9 
50.7 
48.4 


1 1 1 

j235 

i355 

3i4 

77 

32 

10 
190 
102 

94 
3o6 

358 


1 1 

49 
29 

12 
10 

38 
«9 

25 


9.5264 
i2.3|i3o 

34.4'i47 
36. S  181 

26.4 

47-7 
23.3 

59.0 

4o.o 

43.7 

52.3 
28.9 
16.5 


5  5o.8  i5  48  23. o 
29  38.4!  7  38  19. 1 
27  49.7,  8  34  39.6 
29  27.41  3  27  47.6 
54  33. 4|  3  4i  56.6 
5i  37.7;  6  35  59.1 
26  43.6;  2  17  48.3 
4  29  19. C  5  o  24.7 


i85 
290 

173 
175 

129 

i43 

3i3 

10 


1 3  39.9 
27  1 .0 

3o  22.8 


6 
3 
2 


37  43.9  10 

55  43.8  7 
3o  27.8  5 
22  43.9111 

56  36. 8i  7 


29  44 'O 

8  25. o 

47  45.7 

i4  39.4 
48.7 
38.8 
21 .0 
48.6 


23 

3 
3i 
i5 


953 
819 
986 
767 
868 
976 
632 
85i 

730 

904 
689 
778 
826 
782 
769 
1039 

954 

880 

934 
1084 
936 
785 
876 
725 

647 
654 
822 
967 
65o 
84o 
789 
772 


3333 

4780 
8848 
8432 
9486| 


Mean  Longitude 
at  Epoch. 


346  48  1 5. 4 
224  28  25.5 
I o4  2  3 I . I 
21826  I.I 
80  56  2.7 


34811124  54  18.6 
6335'322  34  38.8 


33io 


68 


8856  128 
8491,354 
7824  283 


834 1 
386i 
56o8 
2220 
0987 


7 
1 38 

67 

238 

5o 


48  32 

.c 

8  12 

•  / 

47  47 

.6 

56  4 1 

■9 

42  5 

.0 

44  42 

.6 

12  20 

.6 

54  5 

.  I 

5i  42 

.< 

Epoch,  Washington  mean 
Tinws. 


859,  Sept.  7.0000 
858,  May  28.7860 
858,  Jan.  28.7660 
858.  April  22.7860 
849,  Dec.  30.7488 

857.  Feb.  12.7488 

858,  July  18.7488 
848,  Jan.  0.7488 


9760.210  I  24. 'i 
e395!3o4  33  25.:; 
i578!i48  28  55.8 
7396 195  16  53.9 
56 10  4 1  24 
9070  76  59 
4617280  7 
6753    3o     2 


9.0: 

2.o| 
33.7' 

4i.5 


6780  294 
68i5  181 
626o'26o 
4862  159 


8694 
0689 
8o3i 
7238 


293 

19 

53 

1 34 


46  i3.r 

21  20.  ( I 

43  32.7 

3  36. ^ 

II  23. fc 

3o  24./ 

49  5o.r 

3o  20. ( 


8833  266  47 
9683I193  36 
3o84  173  36 

36 

42 


6000 
2860 


4484 
8940 


1 12 
1 46 


19 

34 
55 

44 


4100222  12 


1 1 00 


55. f 

37. 2I 

II... 
13  -' 

3o.. 

7-' 
19.7 

9.1 


202  28  48. fj 

OIOOJ335  48  5i  .f] 

4490  276  45  I .( 

5177224  5  10./ 

47001232  55  23.7- 

1037215  29  8.C 

5246|333  I  3i.i 

8o4o   o  37  45.^ 

9290  359  3  37.3 
4680  10  29  28.9 
o4io  12  5  7.9 
638o  172  47  1.8 
637!  147  35  49.8 
0860  169  59  43. 1 
0720.329  25  3.3 
72901  7  25  20. q' 


858, 
85i, 
858, 
85oj 
85i, 

857, 
859, 
860, 


June 

Sept. 

June 

Dec. 

Dec. 

Not. 

May 

Not. 


29.7488 
16.7488 
26.7488 
30.7488 

5 . GOOD 
19.7488 

II .0000 
20 . 0000 


856,  April  3.7488 
859.  July  3.0000 

858.  March  2.7488 
858^  April  20.7488 

853,  Jan.  1.7488 
852;  Dec.  30.7488 

859,  July  10.0000 

856,  SepL  84-7488 

857,  July  9.7488 
857,  March  19.7488 

859,  June  13.7488 

854.  Feb.  27.7488 
859!  July  8.7488 
858;  Oct.  8.7488 
854,  Dec.  30.7488 

860,  Jan.  24.7488 


858,  April 
855,  April 
860,  Feb. 
855,  Dec. 


13.7488 
9.4488 
I 4 • ooqo 
30.74&8 
855,  Dec.  30.7488 
855,  Dec.  30.7468 

855,  Dec.  31.7468 

856,  June  30.7488 

856.  Mav  31.2488 
SS^.i^^•iL  16.2844 
856!  Juno  30.7488 
857:  April  16.7488 

857.  July  9.7488 

856,  Dec.  30.7488 
657,  Sept.  19.5000 

857,  Nov.  16.0000 

857.  Oct.  30.7488 
857.  Oct.  30.7488 

857.  Oct.  5.0000 

858,  March  2.34oo 
858.  March  3.2o52 
858!  April  27.2635 
858.  Sept.  25.1343 
858 .  ^«s .  \^  .<M^K«> 


\ 


Go 
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Table  IXXVI. 


Far  Sines  and  Tangents  of  stmJI  Arcs. 


Are. 


e  ' 
O  O 
I 
2 
3 
4 

o  5 
6 

7 
8 

9 

o  lO 

II 

12 

i3 

i4 
o  i5 

i3 

17 
i^ 

19 
o  20 

•Ji 

'Zl 
23 

24 

O  2$ 

26 

27 

2d 

29 

o  3o 
3i 

32 

33 

34 
o  35 

36 

37 

38 

39 
o  4o 

4i 
42 
43 

44 

o  45 

46 

47 
4S 

49 

o  5o 

5i 

52 

53 

54 

o  55 

56 

57 
S8 

«^ 


Log.  Sine. 


Log. Bin.  A-4og.  k:\\1>VS.\V* . I  Log.  Tangent. 


Inf.  Negr. 
6.4637261 
6.7647561 
6.9408473 
7.0657860 
7.1626960 
7.2418771 
7.3088239 
7.3668157 
7.4179681 
7.4637255 
7.5o5ii8i 
7.5429065 

7.5770684 
7.6098530 
7.6398160 
7.6678445 
7.6941733 
7.7189966 
7.7424775 
7.7647537 
7.7859427 
7.8061458 
7.8254507 
7.8439338 
7.8616623 
7.8786953 

7.8950854 
7.9108793 
7.9261 190 
7.9408419 
7.9550819 
7.9688698 
7.9822334 
7.9951980 
8.0077867 
8.0200207 
8.0319195 
8.0435009 

8.0547814 
8.0657763 

8,0764997 
8.0869646 
8.0971832 
8. I 07 I 669 
8. 1 169262 
8. 1264710 

8.i358io4 
8.1449532 
8. 1539075 
8.1626808 
8. 17 12804 
8.1797129 
S.1879S43 
8. 1 96 1 020 
8.2040703 
8.2118949 
8.2195811 
8. 827 I 335 
6. •345568 
•  f4i8$53 


4.6855748,7 
5748,6 

5748,4 
5748,1 

5747,7 

4.6855747,1 

5746,5 

5745,7 
5744,7 

5743,7 
4.6855742,5 

5741,3 

5739,8 

5738,3 

5736,7 
4.6855734,9 
5733,0 
5731  o 
5728,8 
5726,6 
4.6855724,2 
5721,7 
57190 
5716,3 

5713,4 

4.6855710,4 
5707,3 
5704,0 
5700,6 
5697.2 

4.6S55G93;5 
5GS9;8 
56S6.0 
5682,0 
5677.9 

4.685567^0 
5669.3 
5664.8 
566o,2 
5655.5 

4.685565o,7 
5645.7 
564o,6 

5635,4 
563o.i 

4.6855624.6 
5619.1 
56i3,4 
5607,6 
56oi.6 

4.6855595;5 

5589,4 
5583.1 
5576,6 
5570,1 
4.6855563.4 
5556,6 

5549,7 

5542:6 

5535,5 

4.6855528;9 


0,01 
.o3 
o5 
07 
09 
II 
i3 
i5 

"7 

19 
21 

23 

26 
28 
3o 

32 

34 
36 
38 
4o 
42 

44 
46 
48 
5o 

52 

54 
56 
58 
60 
62 

64 
66 
68 

70 
72 
75 
77 

79 

81 

83 
85 

87 
89 

9> 
93 

95 

97 

99 
01 

o3 

o5 

07 

09 

II 

i3 

i5 

17 

»9 
21 


Inf.  Neg. 
6.4637261 
6.7647562 
6.9408475 
7.0657863 

7.1626964 
7.2418778 
7 . 3088248 
7.3668169 
7.4179696 
7.4637273 
7.5o5i2o3 
7.5429091 
7.5776715 
7.6098566 
7.6398201 
7.6678492 
7.6941786 
7.7190026 

7.7424841 
7.7647610 
7.7859508 
7.8061547 
7.8254604 

7.8439444 
7.8616738 
7.8787077 
7.8950988 
7.9108938 
7.9261344 
7.9408584 
7.9550996 
7.9688886 

7.9822534 
7.9952192 
8.0078092 
8.0200445 
8. o3 19446 
8.0435274 
8.0548094 
8.o658o57 
8.0765306 
8.0869970 
8.0972172 
8. 1072025 

8. 1 169634 
8. 1265099 
8.i3585io 
8.1449956 
8.1539516 
8. 1627267 
8.1713282 
8. 1797626 

8.i88o364 
8.1961556 
8.2041259 
8.2119526 
8  SI 96408 
8.2271953 
8.9346208 
8,2419215 


Log.  tan. 


A-.'Dtfir. 


4.6855748.7 
5748,8 
6749.2 
5749,8 
5760,6 

4.6855751^7 
5753:1 

5754:7 
5756,5 

5768,6 

4.6855760:9 

5763:5 

5766:3 

5769,4 
5772,7 
4.6855776.3 
5780,0 
5784,1 
5788,4 

5792.9 
4.6855797^7 

5802^7 

58o8  o 

58i3;5 

58i9'2 

4.68558252 

583i,5 

5838o 

5844.7 
585i:7 

4.6855858;9 

5866,4 
5874.1 
5882:1 
5890,3 
4.6855898,7 
5907.4 
5916.4 
6926:6 
6935.0 

4.6855944,7 
5954,6 
5964:8 
6976.2 
6986,8 

4.6855996.7 
6007:9 
6019,3 
6o3o,9 
6o42,8 

4.6856o64.9 
6067.3 
6079:9 
6092,8 
6106,9 

4.6866119,2 
61 32,8 
6146,7 
6160,8 
6175:1 

4.6866189,7 


0.02 

;o6 

.10 

0.22 

>7 
,3i 
.35 
.39 
0:43 

r47 
.5i 

:65 

.59 

0,6  3 

.67 
:7« 
.76 
,60 

0.84 

:^^ 
,92 

.96 

1,00 

x.o4 

;o8 
.12 
.16 
.20 

1.25 

•29 

.33 

.37 

.41 

1.45 

.49 
.53 

:57 

.61 

1.65 
,69 

.74 

r7? 
.82 

1.^6 
,90 
.94 
•V^ 

2.«'2 

2.06 

.10 

.14 
,i3 

,23 

2,27 
,3i 
,35 

39 
^3 


1  o 


I 

I 

!  o 


0 
I 

3 
3 
i 

6 

« 

9 
o  10 

11 

IS 

i3 

I 

u 
o  i5 

16 

17 
1% 

o  so 

sJ 
o  sS 

•  I 

=9 

n 
Iz 
jj  ■ 

m    • 

r-  .5 

I 

J?  * 

^. 
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467 


For  Sines  and  Tangents  of  email  Ares. 


Are.     I      Log.  Sine. 


o 
I 
2 
3 

4 
5 
6 

7 
8 

9 

10 

II 

13 

i3 

i4 
i5 

i6 

I? 
i8 

19 
20 

21 

23 
23 

24 
25 

26 
27 
28 
29 

3o 
3i 

32 

33 

34 
35 
36 

37 
38 

39 

4o 

4i 
43 
43 

44 
45 
46 

47 
48 

5i 

52 

53 

54 
55 
56 

57 
58 

59 

60 


8.24i8553 
8.2490332 
8.2560943 

8.263o424 

8.2698810 

8.2766136 

8.2832434 

8.2897734 

8.2962067 

8.3o2546o 

8.3087941 

8.3x49536 

8.3210269 

8.3270163 

8.3329243 

8.3387529 

8.3445o43 

8.35oi8o5 

8.3557835 

8.36i3i5o 

8.3667769 

8.3721710 

8.3774988 

8.3827620 

8.3879622^ 

8.3931008 

8.3981793 

8.4031990 

8.4o8i6i4 
8.4130676 
8. 4 1 79190 
8.4227168 
8.4274621 
8.432i56i 
8.4367999 

8.4413944 
8.4459409 
8.45o44o2 

8.4548934 
8.4593013 

8.4636649 
8.4679850 
8.4722626 

8.4764984 
8.4806932 

8.4848479 
8.4889632 
8.4930398 

8.4970784 
8.5010798 

8.5o5o447 
8.5089736 
8.5128673 
8.5167264 
8.52o55i4 
8.5243430 
8.5281017 
8.5318281 
8.5355228 
8.5391863 
8.5428193 


Log.  sin.  A— log.  A". 


4.6855528,2 
5520,8 
55i3,2 
55o5,6 

5497,8 

4.6855489,9 

5481,9 

5473,7 
5465,5 

5457,1 

4.6855448,6 

5439J9 

543i,2 

5422,3 

541 3.3 
4.68554o4,i 

5394,9 
5385,5 
5376,0 

5366,4 
4.6855356,7 
5346,8 
5336,8 
5326,7 
53i6,5 
4.68553o6,i 
5295,7 
5285,1 

5274,4 
5263,5 

4.6855252,6 
524i,5 
523o,3 
53i8j9 
5207,5 

4.6855195,9 
5i84,2 

5 1 72.4 
5 1 60,4 
5i48,4 

4.6855i36,2 

5i23,9 

5iii,4 
5098,9 
5o86,2 

4.6855073,4 
5o6o,5 

5o47,4 
5034,3 

5o2i,o 

4.6855007,6 

4994,0 

4980.4 

4966,6 

4952,7 

4.6854938,6 

4924,5 

4910,2 

4895,8 

488i,3 

4.6854866,7 


Diff  10". 


1,24 
,26 
,28 
,3o 

> 
1,34 

,38 

,40 

,42 

1,44 

,48 
,5o 

,52 

1,54 
,56 

,62 
1,64 
166 
,68 
j7o 

,77 
j79 

,81 
,83 

1,85 

j9' 
)93 

1,95 

,97 
:99 

2,01 
,o3 

2,o5 

,07 
,09 

2,l5 

,17 

,'9 
2,26 

,28 

,3o 
,33 


Log.  Tangent. 


,34 
1,36 
,38 
,4o 

,42 

,44 


8.2419215 
8.2491015 

8.256x649 
8.263ix53 
8.2699563 
8.27669x2 

8.2833234 
8.2898559 
8.2962917 
8.3026335 
8.3o88842 
8.3i5o462 

8.32II22X 
8.327II43 
8.3330249 

8.3388563 
8. 3446 I o5 
8.3503895 
8.3558953 
8.36x4297 
8.3668945 
8.37229x5 
8.3776223 
8.3828886 
8.3880918 
8.3932336 
8.3983x52 
8.4o3338i 
8.4o83o37 
8.4i32i32 
8.4180679 
8.4228690 
8.4276x76 
8.4323x5o 
8.4369622 
8.44i56o3 
8.446iio3 
8.45o6x3x 
8.4550699 

8.45948x4 
8.4638486 
8.4681725 
8.4724538 
8.4766933 
8.4808920 
8.485o5o5 
8.489x696 
8.4932502 
8.4972928 
8.5012982 
8.5052671 
8.5092001 
8. 5 130978 
8.5169610 
8.5207902 
8.5245860 
8.5283490 
8.5320797 
8.5357787 
8.5394466 
8.543o838 


Log.tan.A— laii.A".  .Diff  lo".      Arc. 


4.6856189,7 
6204,5 
62x9,6 
6234,9 

625o,4 

4.6856266,2 
6282,3 
6298,6 
63i5;i 
633  X, 9 

4.6856348,9 
6366,2 
6383,7 
64ox,5 
6419,5 

4.6856437,8 
6456,3 
6475,0 
6494,0 
65x3,2 

4.6856532,7 
6552,5 

6572,4 
6592,6 
66i3,x 
4.6856633,8 
6654,8 
6676,0 

6697,4 
6719,1 
4.685674x,o 
6763,2 
6785,6 
6808,3 
683i,2 

4.6856854,4 
6877,8 

6901,4 
6925,3 
6949,5 
4.6856973,9 
6998,5 

7023,4 
7048,5 
7073,8 
4.6857099,5 
7125,3 

7154,4 
7177,8 

7204,4 
4.6857231,2 
7258,3 
7a85,6 
73x3,2 
7341,0 
4.6857369,1 

7397^4 
7425,9 

7454,7 
7483,8 

4.68575x3,1 


2,47 

,5' 
55 

,59 
,63 

2,68 
,7a 

,80 

,84 
2,88 

,92 

,96 
3,00 

3,08 

,»7 

,25 

3,29 

,33 

,37 

,45 

3,49 
,53 

,57 

,61 
,66 

3,70 
,82 

3,90 
,98 

4,02 

,06 

,>5 
,19 

,33 

,27 

4,3i 
,35 

,39 

,43 

,47 
4,5x 

,55 

,60 

,64 
,68 

4,72 
,76 
,80 

,84 
.88 


I   o 
I 

3 
3 

4 

I  5 

6 

7 
8 

9 
1  10 

XI 
13 

i3 

14 

I  i5 

16 

17 
18 

»9 
I  20 

21 

22 

23 

24 

X  25 

26 

27 
.28 

29 

I  3o 
3i 

32 

33 

34 

I  35 

36 

37 
38 

39 
I  ^o 

4i 
42 
43 
44 
I  45 
46 

47 

48 

49 
I  5o 

5i 

52 

53 

54 

I  55 

56 

57 
58 

59 

1  60 


468  Table  XXXVII. — ^Numbers  often  used  in  Calculatioxs. 


Constants. 


Area  of  a  circle  to  radius  i 
Circumference  of  a  circle  to  diameter 
Surface  of  a  sphere  to  diameter  z 
Area  of  a  circle  to  diameter  i 
Capacity  of  a  sphere  to  diameter  i 
Capacity  of  a  sphere  to  radius  i 

Diameter  of  a  circle  to  area  i 

Diameter  of  a  sphere  to  capacity  z 


\- 


TT      =  3.i4i59,26536 


z='    7r-T-4== 

=  4jr-r-3 = 
=V4-=-ir== 

l-j-7r  = 


=   e 

=  M 


Base  of  Naperian  logarithms 
Modulus  of  the  common  logarithms 
Naperian  logarithm  of  it 

C  degrees 
Arc  equal  to  radius  expressed  in<  minutes 

(  seconds 

Length  of  one  degree  in  parts  of  radius 

Length  of  one  minute  in  parts  of  radius 

Skie  of  I  second 

Sine  of  2  seconds 

Sine  of  3  seconds 

36o  degrees  expressed  in  seconds  of  arc 

24  hours  expressed  in  seconds  of  time 

1 2  hours  expressed  in  seconds  of  time 

Number  of  feet  in  one  mile 

Sidereal  year  in  mean  solar  days 

Tropical  year,  i85o,  in  mean  solar  days 

Annual  variation 

Sidereal  rotation  of  earth  in  mean  solar  seconds 

Sidereal  (t.  e.,  equin.)  day  in  mean  solar  seconds 

Mean  solar  day  in  seconds  of  sidereal  time 

A       1      X-       e  4.  1     J         i  236. 5553 5«.  sidereal  time. 

Acceleration  of  stars  m  solar  day=  ^  ^35  ,,£,545,.  ^^^  ^^^ 

Compression  of  the  earth=i-r-299.i528i8 

Equatorial  radius  of  the  earth  in  English  feet  = 

Polar  radius  of  the  earth  in  English  feet  = 

DejTree  of  latitudo  at  the  equator  in  English  feet  = 

Degree  of  latitude  at  43*^  in  English  feet  =: 

French  toiscs  into  French  metres  = 

French  toises  into  English  yards  = 

French  toises  into  English  feet  = 

French  feet  into  Ens:lish  feet  =z 

French  metres  into  English  yards  = 

French  metres  into  English  feet  =r 

[French  metres  into  English  inches  = 

British  imperial  gallon  in  cubic  inches  = 
Cubic  inch  distilled  water  in  grains  (B.  3o  in.  T.  62°)= 

fin  lbs.  avoirdupois  = 

in  oz.  avoirdupois  = 


0.78539,81634 
0.52359,87756 
4*18879,02048 

1.12837,91671 

i.34o7o/>98id 

1.77245,38509 

9.86960,44011 

0.31830,98862 

o.ioi32,i  i836 

=     2.71828,18285 

=     0.43429,44819 

=     1.14472,98858 

=    57.29577,95130 

=  3437.74677,07849 

=206264  •  80624,70964 

=      .01745,32925 

=     .00029,0888a 

=     .  00000,4848 1 

=1  .  00000,96963 

=:  .00001,45444 

=  Z296000 

=  864oo 

=  43200 

=  5280 

=   365.25637,4417 
=   365.24221,6787 
=    — .  00000,00669 
=  86164.09966,888 
=  86164.09054,9806 
=  86636. 55534,883i4 


a 

8 

%m 

n 


Weight  of  cubic  foot  of  water  ^  in  lbs.  Troy 

in  02.  Troy 


^in  grams 


Length  of  seconds  pendulum  in  inch-  ^  ^"^®"      Z. 
^'  ""^  \  Ne'2^York= 

Velocity  of  falling  bodies  in  inches  in  S  ^"^®"      = 


one  second  at 


(N 


Paris 
ew  York= 


20923599.98 

20853657. 16 

362748.33 

364571 .77 

1 .94903659 

2.i3i53o84 

6.3945925a 

I .06576543 

I .093633067 

3.280899167 

39.37079 

277.274 

252.458 
62.32106067 

997. 13696914 
=         75.7374 
=       908.8488 

=436247.424 

39.13929 

39.12929 

3o.ioia 
386.38931 
386. I 9061 
385.91337 


i 


9 

9 

o 


o 
o 
o 

9 

9 
o, 

9 
o. 

I 
3 
5 
8 
6 
4 
4 
5 
6 
4 
4 
3 


'-97»-99; 


■7i^v^-; 
.6221  ^?*' 

.o5c.'::, 

99-V9" 

.  5o2^5oi 

.00570.:.- 
.43.:29i: 
.63775.: 
>o557oJi' 
.7581216 
.53627:9 
.3i4i3Si 

.34irs7:3 
.46372^1 

.6!J55-i^ 
.9S66c-,^ 
.  i6i»;»,^i 
.11:6  ::■ 
.9-»t:i  j- 
.6i:,>> 
.72:6.3^ 
.562=^-* 
.5€iSmo 


II 


4 

4 
4 

3 

<» 

7 

7 

7 
5 

5 

o 

o 

o 

o, 

o. 

o. 

II. 

3, 
*> 

I 

3. 
X 
3 

5 

I 

I 

I 

a, 

a. 

a. 


.935 -i^, 
.93f-.^:| 
.93— -ixi 

.37:v-2^ 
3— -■S3.* 
.52«iii69| 
.  32CI63W 
.3i9i«iJ 

, 'f  i7*x^ 
0276-jf 

.4i29<<<* 
,4o2l"'C: 

79^0  u* 
9VV5-* 

i?79';ioi 
,95*^9:* 

6397^:/ 
59361J9 
.5935019 
,593:9'»i 
5869126 
586v:<i 
56«i^^ 


EXPLANATION  OF  THE  TABLES. 


Table  I.,  page  357,  contains  the  Latitudes  and  Longitudes  of 
the  principal  foreign  Observatories^  taken  chiefly  from  the  Ameri- 
can Nautical  Almanac.  In  several  cases,  these  numbers  differ 
slightly  from  those  given  in  the  English  Nautical  Almanac  and 
the  Berlin  JahrbucL 

Table  II.,  page  358,  contains  the  Latitudes  and  Longitudes 
of  various  places  in  the  United  States.  This  list  is  designed  to 
embrace  the  largo  cities,  the  astronomical  observatories,  and  the 
principal  colleges  of  the  country.  A  few  of  the  determinations 
are  derived  from  the  observations  of  the  United  States  Coast 
Survey ;  others  have  been  derived  from  the  labors  of  numerous 
private  observers ;  while  many  have  been  taken  from  maps  which 
are  confessedly  very  imperfect.  It  is  hoped  that  before  many 
years  this  Table  may  be  very  much  improved. 

Table  III.,  page  359,  serves  to  convert  hours,  minutcsi  and 
seconds  into  decimals  of  a  day,  and  vice  versa. 

Example  1.  It  is  required  to  convert  14h.  17m..  16.4fi.  into 
the  decimal  of  a  day. 
We  find  from  the  Table, 

14h.  =.5833333 

17m.  =  .0118056 

16s.  =.0001852 

0.4s.  =.0000046 

Hence  .      14h.  17m.  16.4s. =.6953287 

The  equivalent  for  0.4s.  is  derived  from  the  equivalent  for  4s. 

by  removing  the  decimal  point  one  place  to  the  left. 

Example  2.  Let  it  be  required  to  convert  0.5953287  day 
into  hours,  minutes,  and  seconds.    We  find  from  the  Table, 


470  Practical   Astronomy. 


.59          =14h. 

9iii.  36s. 

.005        = 

7     12.0 

.0003       = 

25.92 

.00002     = 

1.73 

.000008  = 

.69 

.0000007= 

.06 

Hence  .5953287 = 14h.  17m.  16.40s. 

The  number  of  seconds  corresponding  to  .00002  is  obtained 
from  the  little  table  of  proportional  parts  at  the  bottom  of  page 
859.  Thus,  if  .0002  is  equivalent  to  17.28s.,  .00002  must  be 
equivalent  to  1.728s. ;  and  we  Tnay  proceed  in  the  same  manner 
for  other  fractions. 

Table  IY.,  page  360,  serves  to  convert  intervals  of  mean  sdar 
tiine  into  equivalent  intervals  of  sidereal  time. 

Example,  It  is  required  to  find  the  sidereal  interval  cam- 
spending  to  the  mean  solar  interval,  2h.  22m.  25.628. 
2h.  Om.  Os.      solar  interval  equak  2h.  Om.  19.713s.  sid.  inter?. 

22       0  «  "  22       3.614  " 

25  "  "  25.068  " 

a62_        "  "  0.622  " 

2h.  22m.  25.62s.  solar  interval  equals  2h.  22m.  49.0178.  sid.  intenr. 

The  method  of  converting  mean  solar  time  into  sidereal  time 
is  explained  on  page  123. 

Table  V.,  page  361,  serves  to  convert  intervals  of  sidereal 
time  into  equivalent  intervals  of  mean  solar  time. 

Example.  Find  the  mean  solar  interval  corresponding  to  the 
sidereal  interval,  2h.  22m.  49.02s. 
2h.   Om.  Os.      sid.  interval  equals  Ih.  59m.  40.341s.  solar  interv. 

22       0  "  "  21     56.396  « 

49  "  "  48.866  " 

0.02_        "  "  0.020  " 

2h.  22m.  49.02s.  sid.  interval  equals  2h.  22m.  2576238.  solar  interr. 

The  method  of  converting  sidereal  time  into  mean  sc4ar  time 
is  explained  on  page  125. 

Table  VI.,  page  362,  serves  to  convert  degrees,  minutes,  and 
seconds  of  space  into  hours,  minutes,  and  seconds  of  time.     It  is 
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founded  on  the  ratio  of  15  degrees  to  1  hour.  The  Right  As- 
censions of  the  heavenly  bodies  are  sometimes  expressed  in  aro, 
but  generally  in  time. 

Example,  The  Right  Ascension  of  a  LyreB  for  January  1, 
1855,  is  277°  59'  51".60.  Required  its  Right  Ascension  ex- 
pressed  in  time. 

The  Equivalent  in  time  for  277°    0' 0"    is  18h.  28m.   Os. 
«              "                      59  0       "            3     56 
"              «                          51       "  3.40 

"  «  0.60 "  0.04 

The  Right  Ascension  in  time  is  18h.  31m.  59.44s. 

In  taking  out  the  equivalents  for  tenths  of  seconds  of  space, 
We  may  use  the  units  in  the  seconds  column  as  arguments, 
tJEiking  care  to  remove  the  decimal  point  of  the  corresponding 
equivalent  one  place  to  the  left.  Thus  the  equivalent  for  6"  is 
0.4s.,  and  for  0".6  the  equivalent  is  0.04s. 

Table  VII.,  page  363,  serves  to  convert  hour»,  minutes,  and 
seconds  of  sidereal  time  into  degrees,  minutes,  and  seconds  of 
space. 

Example,  The  Right  Ascension  of  a  LyreB  for  January  1, 
1855,  is  18h.  31m.  59.44s.  Required  its  Right  Ascension  ex- 
pressed in  arc. 

The  Equivalent  in  arc  for  18h.    Om.  Os.    is  270°    O'    0"' 
"  "  31      0       "      7   45     0 

"  "  59       ^  14  45 

"  "  0.44  *"  .        6  .60 

The  Rijght  Ascension  in  arc  is  277°  59^  51^60" 

Table  VIIL,  pages  364-5,  furnishes  the  amount  of  atmos- 
pheric refraction  for  aU  altitudes  from  the  horizon  to  the  zenith. 

This  Table  was  constructed  by  the  late  Professor  Bessel,  of 
Konigsberg,  and  is  now  more  generally  used  than  any  other. 

It  requires,  in  addition  to  the  observed  apparent  altitude,  an 
observation  of  the  height  of  the  barometer,  upon  which  depends 
the  factor  B ;  of  the  thermometer  attached  to  the  barometer, 
upon  which  depends  the  factor  t ;  and  of  the  temperature  of  the 
external  air,  upon  which  depends  the  factor  T.     If  the  attached 
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diennoineter  is  not  observed,  we  may  aBsume  that  its  indkm- 
tions  are  the  same  as  those  of  the  external  thermometer. 

The  refraction  may  be  computed  either  by  natural  numbers 
or  by  logarithms.  The  latter  method  is  the  most  accurate,  ts 
the  corrections  required  for  small  altitudes,  indicated  by  the  fiu> 
tors  M  and  N,  can  be  conveniently  applied  only  with  logarithms. 
When  the  altitude  is  not  very  smaU,  and  the  greatest  accuracy 
is  not  required,  the  use  of  logarithms  may  be  dispensed  witL 

By  natural  Numbers. 

From  the  accompanying  Table,  take  the  mean  refraction  cor- 
responding to  the  observed  altitude ;  take  the  factor  B,  corre- 
sponding to  the  height  of  the  barometer ;  also,  take  the  factor  /, 
corresponding  to  the  attached  thermometer,  and  the  frtctor  T. 
corresponding  to  the  external  thermometer.  Kultiply  these  four 
numbers  together,  and  you  will  obtain  the  true  refi^urtion. 

Example,  The  observed  apparent  altitude  of  a  star  was  34^ 
11'  15'^ ;  the  barometer,  28.856  inches ;  the  external  and  the 
attached  thermometers  both  stood  at  -f  19.6^  Fahr.  It  is  re- 
quired to  compute  the  refraction. 

Mean  refraction  for  34^  11'  15^' 1'  24'^ A 

Barometer,  28.856 ;      Factor  B,  0.975. 

Thermometer,  19.6^  \  ^^^^^^  ''    J'^J" 

'  (  Factor  T,  1.061. 

Product,         0.975x1.001x1.061   =1.0355. 

True  rcfraction=84''.8x  1.0355 =r  27'' A 

By  Logarithms. 

Take  from  the  Table  the  factor  log.  B,  corresponding  to  the 
height  of  the  barometer ;  also  the  factors  log.  t  and  Ic^.  T,  cor- 
responding to  the  attached  and  external  thermometers.  Take 
also  the  values  of  log.  A,  as  also  M  and  N,  corre^wnding  to  the 
apparent  altitude.  Multiply  the  sum  of  bg.  B  and  log.  /  by  M ; 
also,  multiply  log.  T  by  N.  Take  the  algebraic  sum  of  these 
products  (regard  being  had  to  their  signs),  and  add  to  it  kg.  A, 
and  the  logarithmic  cotangent  of  the  apparent  altitude.  The 
sum  wiU  bo  the  logarithm  of  the  refraction  expressed  in  seconds 
of  arc     This  rule  is  expressed  more  concisely  thus : 
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The  logarithm  of  the  refraction  is 
=log.  cotangent  app.  alt+log.  A+M(log.  B+log.  t)  +  'H  log.  T. 
Example  1.  The  observed  apparent  altitude  of  a  star  was  3° 
44/  40'^ ;  the  barometer,  30.162  inches ;  the  attached  thermom- 
eter, 52.2°  Fahr. ;  and  the  external  thermometer,  46.6°  Fahr. 
Required  the  re&action. 

log.  factor  B,  30.162 
log.  factor  t,    52.2°  Fahr. 
log.  factor  T,  46.6°  Fahr. 


Apparent  altitude,  3°  44'  40^' 
log.  cotang.,  3°  44'  40^' 


+0.00821 

-0.00078 

+0.00183 

M  =  1.0187 

N  =  1.1753 

1.18412 

1.68084 

+0.00757 

+0,00213 


log.  A, 

1.0187 X (log.  B+log./), 

1.1753  X  log.  T,  

log.  refraction,     2.87466 
Refraction        =  12'  29".3. 
Example  2.  The  observed  apparent  altitude  of  a  star  was  6° 
46'  40" ;  height  of  the  barometer,  29.772  inches ;  the  attached 
thermometer,   —0.4°  Fahr.;    and  the   external  thermometer; 
—  2.0°  Fahr.     Required  the  refraction. 


log.  cot.  6°  46'  40" 

0.92500 

M= 1.0079 

log.  A 

1.73061 

N  =  1.0794 

log.  B            =  +0.00256 

log.  <              =+0.00127 

log.  B+log.  <= +0.00383 

* 

M(log.  B+log.  t) 

0.00386 

log.  T             =+0.04645 

Nlog.T 

0.04906 

- 

log.  refraction,    2.70853 
The  refraction=8'  31".13 


Table  IX.,  page  366-7,  contains  the  coefficients  for  computing 
the  corrections  required  for  transit  observations  at  the  latitude 
of  Washington  Observatory. 

The  column  headed  Azimuth  contains  the  value  of  the  factor 
sin.  (<j5>-(5)  sec.  d,  computed  for  ^=38°  53'  39"  for  all  altitudes 
from  the  south  horizon,  corresponding  to  a  north  polar  distance 
140°,  to  the  north  horizon,  corresponding  to  north  polar  distance 
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tioiis,  a  further  correction  is  required  for  rate.  The  last  column 
»f  page  371  furnishes  the  logarithm  of  this  correction  for  a  daily 
loss  or  gain  of  the  chronometer,  varying  from  0  to  30  seconds. 

An  example  of  the  use  of  this  Table  will  be  found  on  pages 
143-5. 

Table  XI.,  pages  372-3,  is  for  determining  the  equation  of 
equal  altitudes  of  the  sun.  If  the  sun's  decUnation  remained 
the  same  from  the  forenoon  to  the  afternoon  observations,  it  is 
evident  that  half  this  interval,  added  to  the  time  of  the  first  ob- 
servation, would  give  the  time  of  apparent  noon  as  shown  by 
the  chronometer.  But  as  the  sun's  decUnation  is  continuaUy 
changing,  a  correction  must  be  applied  on  account  of  this  varia- 
tion. This  correction  is  called  the  equation  to  equal  altiiudeSj 
and  may  be  reduced  to  the  form 

rc=— A./*.tang.  0+B.^.tang.  6. 

T 
Page  372  furnishes  the  value  of  ^rp-—. — — --,  which  is  repre- 

o\j  sm.  7^1 

sented  by  A.     This  must  be  multipUed  by  the  hourly  variation 

of  the  sun's  declination  (considered  as  negative  when  the  sun  is 

proceeding  toward  the  south),  and  also  by  the  tangent  of  the  lat- 

T 
itude  of  the  place.    Page  373  furnishes  the  value  of — -, 

30  tan.  7  J  i' 
which  is  represented  by  B.  This  must  be  multiplied  by  the 
hourly  variatipn  of  the  sun's  declination,  and  also  by  th6  tangent 
of  the  sun's  declination  at  the  time  of  apparent  noon  on  the  given 
day.  The  sum  of  these  two  quantities,  taken  with  their  proper 
signs,  is  the  correction  required. 

An  example  of  the  use  of  this  Table  will  be  found  on  page  129. 

Table  XII.,  pages  374-7,  furnishes  the  angle  of  the  vertical, 
the  logarithm  of  the  earth's  radius,  and  the  length  of  a  degree 
of  the  meridian,  and  also  of  a  parallel  of  latitude  for  every  de- 
gree of  latitude  from  the  equator  to  the  pole.  In  computing  the 
parallax  of  the  moon,  we  must  employ  the  geocentric  latitude, 
which  is  equal  to  the  observed  latitude  minus  the  angle  of  the 
vertical ;  and  we  must  also  employ  the  horizontal  parallax  be- 
longing to  the  place,  which  may  be  found  by  adding  the  loga- 
rithm of  the  horizontal  parallax  at  the  equator  to  the  logarithm 


476  Practical  Astronomy. 

of  the  earth's  radius,  which  in  Table  XII.  is  set  against  the  gifcn 
latitude.     The  use  of  these  numbers  is  explained  on  pages  184 

and  185. 

The  length  of  a  degree  of  the  meridian  and  of  a  parallel  is 


constantly  needed  in  Geodesy,  and  will  be  frequently  found 
ful  to  the  astronomer.  This  Table  is  taken  from  the  Berlin 
Jahrbuch  for  1852 ;  but  the  length  of  a  d^ree  of  kmgitode  and 
latitude,  which  is  there  given  in  toises,  has  been  carefiilly  con- 
verted into  English  feet,  and  it  is  hoped  will  be  found  oarrect  to 
the  last  decimal  place. 

"  Table  XIII.,  page  378,  diows  the  augmentation  of  the  moon's 
semi-diameter  aa  account  of  her  apparent  altitude,  computed 
from  the  formula  page  200,  where  its  use  has  also  been  e: 


Table  XIV.,  page  378,  shows  the  quantity  by  which  Ae 
moon' s  equatorial  horizontal  parallax  must  be  diminirfied  to  ob- 
tain the  horizontal  parallax  belonging  to  any  other  latitude. 
This  reduction  is  given  for  three  values  of  the  mo<Mi*s  equatoriil 
parallax,  viz.,  53^,  57^",  and  61' ;  and  for  any  other  value,  the 
equatorial  parallax  may  be  easily  found  by  interpolatkxL  The 
use  of  this  Table  will  be  understood  from  Art.  210,  page  1S6. 

Table  X Y.,  page  379,  frimishes  the  parallax  of  the  sun  and 
{Janets  for  all  altitudes  above  the  horixon*  The  horizontal  par- 
allax is  to  be  sought  for  at  the  tc^  of  the  page,  and  the  altitude 
on  either  the  right  or  left  margin.  If  the  given  horizontal  par- 
allax is  not  found  exactly  in  the  Table,  the  parallax  in  altitude 
may  be  obtained  by  interpdating  between  the  numbers  given  in 
the' Table. 

Since  parallax  always  tends  to  diminish  the  true  altitude  of  a 
body«  we  must  add  the  parallax  to  the  observed  ahilnde  in  or- 
der to  obtain  the  true  altitude,  or  we  must  deduct  it  frt>m  the 
observed  zenith  distance  in  order  to  obtain  the  true  senith  dis- 
tance. 


Table  XVI.,  pages  3S0-3,  famishes  the  moon's  parallax  in 
ri^t  ascenskn^  and  also  in  declination  for  Cambridge  Ol»rva- 
toy.     The  form  of  the  Table  is  somewhat  complicated,  as  it  re- 
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quires  three  independent  arguments,  viz.,  the  moon's  declination, 
horizontal  parallax,  and  hour  angle.  The  Table  is  computed  for 
a  declination  of  0°,  5°,  10°,  15^,  20°,  and  25°  ;  for  a  horizon- 
tal paraUax  of  53^,  57^,  and  61' ;  and  for  every  five  or  ten  min- 
utes of  hour  angle  from  the  meridian.  For  any  value  of  these 
quantities  not  contained  in  the  Table,  a  double  or  triple  interpo- 
lation may  be  required.  If,  however,  we  neglect  the  second  dif- 
ferences, this  interpolation  may  be  readily  performed  as  follows : 
Find  what  number  in  the  Table  corresponds  most  nearly  to  the 
given  declination,  horizontal  parallax,  and  hour  angle.  Call  this 
number  the  approximate  parallax,  and  compute  the  correction 
which  should  be  added  or  subtracted  on  account  of  the  variation 
of  the  given  arguments  from  the  arguments  of  the  Table.  This 
method  will  be  understood  from  the  following  example. 

Example,  Required  the  moon's  parallax  in  right  ascension 
and  declination  for  Cambridge  Observatory,  when  the  moon's 
declination  is  19°  58'  9''.4  N.,  the  horizontal  parallax  of  the 
place  60'  14".7,  and  the  moon's  hour  angle  3h.  47m.  23.50s. 

For  Right  Ascension, 

The  nearest  declination  in  the  Table  is  20°  ;  the  nearest  hori- 
zontal parallax  is  61' ;  and  the  nearest  hour  angle  is  230m.  The 
corresponding  parallax  on  page  381  is  163.47s.  The  given  hour 
angle  is  less  than  230m.  by  2.61m.  To  find  the  correction  for 
2.61m.,  we  form  the  proportion 

10m. :  2.61m. ::  4.62s. :  1.20s. 
The  given  horizontal  parallax  is  less  than  61'  by  45".3.     To 
find  the  correction  for  45".3,  we  form  the  proportion 

240" :  45''s3 ::  10.79s. :  2.03s. 

The  given  declination  is  less  than  20°  by  110".6.  To  find 
the  correction  for  110".6,  we  form  the  proportion 

5°  or  18000" :  110".6 ::  4.47s. :  0.02s. 

The  required  parallax  will  therefore  be 

163.47s. 

-1.20s. 

-2.03s. 

-  .02s. 

160.22s.,  which  corresponds  well  with 

the  result  on  page  250. 
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For  Declination. 

The  approximate  parallax,  found  in  a  similar  manner  from 
page  383,  is  1802''.0,  which  corresponds  to  Dec.  20^  N. ;  hori- 
zontal  parallax?  61^ ;  and  hoar  angle,  220m.  The  corrections 
for  variation  of  the  proposed  arguments  from  the  preceding  ar- 
guments  are  found  by  the  proportions 

20m. :  7.39m. ::    67'^8 :  25'^0,  the  correction  for  hour  angle. 

240^':45'^3  ::  119^^7:22'^6,  the  correction  for  horianital 

parallax. 
18000'^ :  110^^6 ::  193^^3 :   V\2j  the  correction  for  declination. 

The  required  parallax  will  therefore  be 

1802^^0 + 25'^0  -  22''.6 + V\2 = 1805^^6, 
which  differs  less  than  a  i^cond  from  the  result  on  page  250, 
and  this  discrepancy  arises  from  our  having  neglected  second 
differences  in  interpolation. 

When  it  is  required  to  compute  a  long  series  of  occultations 
and  eclipses  for  a  particular  place,  it  is  convenient  to  have  a  ta- 
ble of  parallaxes  like  the  preceding,  and  then  the  subsequent 
computation  occupies  but  a  few  minutes.  With  but  little  addi- 
tional labor,  this  Table  might  be  very  much  expanded,  so  that 
the  parallaxes  for  any  arguments  might  be  taken  out  by  mere 
inspection. 

Table  XVIL,  page  384,  contains  the  angles  formed  by  the 
intersection  of  a  vertical  circle  and  hour  circle  for  every  degree 
of  declination  from  29°  north  to  29°  south,  and  for  every  ten 
degrees  of  hour  angle  from  the  meridian  to  the  horizon.  A 
knowledge  of  these  angles  is  convenient  in  all  observations  of  the 
moon,  out  of  the  meridian,  but  especially  in  observing  eclipses 
and  occultations.  The  method  of  computing  this  Table  has  been 
explained  in  Art.  145.  Every  astronomer  will  find  it  conven- 
ient to  compute  a  similar  table  for  his  own  observatory. 

Table  XVIII.,  page  385,  shows  the  correction  to  be  added  to 
the  moon's  declination  in  computing  an  occultation  or  eclipse. 
The  reason  of  this  correction  has  been  explained  in  Art  228. 
The  declination  of  the  moon  is  given  to  every  half  degree  in  the 
first  column,  and  the  difference  of  right  ascension  between  the 
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moon  and  star  in  the  case  of  an  occultation,  or  between  the  moon 
and  sun  in  the  case  of  a  solar  eclipse,  is  given  at  the  top  of  the 
page,  to  every  five  minutes  of  arc. 

Table  XIX.,  pages  386-7,  shows  the  semi-diurnal  arc,  or  the 
interval  of  time  employed  by  the  sun  or  a  star  in  passing  from 
the  horizon  to  its  point  of  culmination,  and  vice  versa,  accord- 
ing to  its  declination  and  the  latitude  of  the  place.  These  val- 
ues have  been  computed  firom  formula  (2),  page  114,  without 
considering  the  effect  of  refraction,  which  would  increase  the 
duration  two  or  three  minutes,  and  sometimes  more  than  this. 
The  latitude  of  the  place  is  given  at  the  top  of  the  page,  and  the 
declination  of  the  star  in  the  first  vertical  column.  The  num- 
bers in  this  Table  are  to  be  subtracted  firom  the  time  of  meridian 
passage  for  rising,  and  added  to  the  time  of  meridian  passage 
for  setting,  as  in  the  following  examjdes : 

Example  1.  Required  the  mean  time  of  setting  of  the  planet 
Venus,  July  5,  1855,  at  New  Haven,  lat.  41°  18',  the  declina- 
tion of  the  planet  being  13°  30'  N. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  3h.  9m. 
Semi-diurnal  arc  for  lat.  41°  18',  and  dec.  13°  3(K  N. 

(page  387) 6h.  49m. 

Venus  sets  July  5th,  1855 9h.  58m. 

Example  2.-  Required  the  mean  time  of  rising  of  the  planet 
Jupiter,  July  5,  1855,  at  New  Haven,  the  declination  of  the 
planet  being  11°  40'  S. 

Meridiem  passage  July  5,  by  Nautical  Almanac  .  .  .  15h.  24m. 
Semi-diurnal  arc  for  lat.  41°  18',  and  doc.  11°  40'  S. 

(page  387) 5h.  18m. 

Jupiter  rises  July  6th,  1855 lOh.    6m. 

This  Table  is  designed  for  northern  latitudes,  but  it  is  equally 
applicable  to  southern  latitudes  by  changing  the  declination  of 
the  star  from  N.  to  S.,  and  vice  versa. 

Table  XX.,  page  388,  contains  a  comparison  of  French  mil- 
limeters with  English  inches,  and  will  be  found  convenient  for 
reducing  French  measures  into  English.  It  is  deduced  firom  the 
assumption  that  the  French  metre  at  the  freezing  point  is  equal 
to  39.37079  English  inches  at  the  temperature  of  62°  Fahren- 
heit ;  the  standard  temperature  of  the  French  scale  being  32° 
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Fahrenheity  and  that  of  the  EngUsh  scale  being  62^  Fahrenheit 
This  is  the  result  given  by  Captain  Kater  in  the  Philosojdiical 
Transactions  for  1818,  page  109.  The  table  of  proportional  parts 
in  the  last  column  gives  the  value  of  tenths  of  a  millimeter  in 
English  inches,  and  will  serve  for  hundredths  by  removing  the 
decimal  point  one  place  to  the  left. 

The  relation  of  the  metre  to  the  yard  adopted  by  the  United 
States  Coast  Survey  is, 

1  metre =1.0935696  yards,  or  39.3685  United  States  atandmrd 
inches. 

Table  XXI.,  page  389,  enables  us  to  convert  English  inches 
into  millimeters,  and  is  derived  from  the  same  data  as  the  pre- 
ceding Table.  The  table  of  proporticmal  parts  in  the  last  column 
gives  the  values  of  hundredths  of  an  inch  in  millimeters,  and  will 
serve  for  thousandths  by  removing  the  decimal  point  one  place 
to  the  left. 

Table  XXII.,  pages  390-1,  is  designed  br  oompnting  the  dif- 
ference in  the  heights  of  two  places  by  means  of  the  barometer. 
This  Table  was  computed  from  the  formula  of  Laplace,  modi- 
fied in  accordance  with  Ihe  results  of  more  recent  determinations. 
Suppose  that  we  have  observed 

(  H,  the  height  of  the  barometer. 
At  the  lower  station,  <  T,   the  temperature  of  the  barometer. 

(  tj     the  temperature  of  the  air. 

!A^,  the  height  of  the  barometer. 
T^,  the  temperature  of  the  barometer. 
t\   the  temperature  of  the  air. 
Represent  by  s  the  height  of  the  lower  station  above  the  level 
of  the  sea,  by  L  the  latitude  of  the  place,  and  by  h  the  observed 
height,  h'y  reduced  to  the  temperature  T. 

The  diflference  of  level,  a:,  between  the  two  stations  is  given 
by  the  formula : 

„    V  ^  900  ; 

a:=60158.6  ft.  log. :Jx  <{  (1+0.00265  cos.  2L) 

/.a; +52251  j_ \ 

A      20888629    1044431 5 j 
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But  h  represents  the  height  h\  reduced  from  the  temperature 
T''  to  the  temperature  T.  The  expansion  of  mercury  for  1° 
Fahrenheit  is  0.0001000 ;  that  of  the  brass,  which  forms  the 
scale  of  the  barometer,  is  0.0000104 ;  the  difference  is  0.0000896. 
Hence  we  have    A=A'{1+0.0000896(T-T01. 

Therefore, 

60158.6  ft.  log.  5=60158.6  ft.  log.  ?-2.3409  ft.  (T-T^. 

Part  I.  of  the  Table  furnishes  in  English  feet  the  value  of  the 
expression  60158.6  log.  H  for  heights  of  the  barometer  from  11 
to  31  inches ;  only  they  have  all  been  diminished  by  the  con- 
stant 27541.5  feet,  which  does  not  change  the  difference, 

60158.6  log  H-60158.6  log  A. 

Part  II.  furnishes  the  correction  —  2.3409(T— T'),  depending 
upon  the  difference  T— T''  of  the  temperatures  of  the  barometers 
at  the  two  stations.  This  correction  is  generally  negative.  It 
would  be  positive  if  T— T'  were  negative ;  that  is,  if  the  tem- 
perature T^  of  the  barometer  at  the  upper  station  exceeded  the 
temperature  T  at  the  lower  station. 

Fart  III.  gives  the  correction  Ax  0.00265  cos.  2L,  to  be  ap- 
plied to  the  approximate  altitude  A,  and  which  arises  from  the 
variation  of  gravity  from  the  latitude  of  45  degrees  to  the  lati- 
tude L  of  the  place  of  observation.  This  correction  has  the  same 
sign  as  cos.  2L  ;  that  is,  it  is  positive  from  the  equator  to  45  de- 
grees, and  negative  from  45  degrees  to  the  pole. 

Part  rV.  gives  the  correction  A .  onoQQgon?  which  is  always 

to  be  added  to  the  approximate  height  A,  and  which  is  due  to 
the  diminution  of  gravity  on  the  vertical. 

Part  V.  furnishes  for  the  approximate  difference  of  level,  A,  the 

small  correction  A .  ^- . .  ..^,,  corresponding  to  several  values 

10444315  ^         ° 

of  the  height  5  of  the  lower  station.     But  in  place  of  5  there 

has  been  substituted,  as  the  argument  of  the  table,  the  height 

H  of  the  barometer  at  this  station. 

Method  of  Computation. 

Take  from*  Part  I.,  page  390,  the  two  numbers  corresponding 
to  the  observed  barometrio  heights  H  and  h\    From  their  differ- 

Hh 
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enoe  subtract  the  correction  2.3409(T— T^),  found  in  Fart  11., 
with  the  difference  T— T^  of  the  thermometers  attached  to  tho 
barometers.    We  thus  obtain  an  approximate  altitude,  a. 

We  then  calculate  the  correction  a .  — ^^r^r —  jfor  the  temper- 
ature of  the  air,  by  multiplying  the  nine  hundredth  part  of  a  by 
the  sum  of  the  temperatures  t  and  t%  diminished  by  64.  This 
correction  is  of  the  same  sign  as  t+t^—64.  We  thus  obtain  t 
second  approximate  altitude,  A. 

With  A  and  the  latitude  of  the  place,  L,  we  seek,  in  Fart  IIL, 
the  correction  A  x  0.00265  cos.  2L,  arising  firom  the  variatiaQ  of 
gravity  with  the  latitude. 

For  the  approximate  height  A,  Fart  IV.  gives  the  correction 

A  4- 52251 
-^  ^  onoQQ^oo'  fi™^  ^^  *^®  diminution  of  gravity  on  a  vert- 

ical.     This  correction  is  always  additive. 

Finally,  when  the  height,  5,  of  the  lower  station  is  coosiden- 

ble,  the  small  correction  A  x  -if^MAAotf^  ™*y  ^  found  in  Fart  Y. 

This  correction  is  always  additive. 

Example  1.  M.  Humboldt  made  the  following  observatioiis 
on  the  mountain  of  Guanaxuato,  in  Mexico,  in  latitude  21^,  viz.: 


Upper  SttSkm.         On  tb*  Bwk  •TSfai 

Thermometer  in  open  air    .  .  .  f  =70.3  t  =77.5 

Thermometer  to  barometer  .  .  T^=70.3  T=77.5 

Barometer A^=23.660         H=30.046 

What  was  the  difference  in  the  height  of  the  two  statioDs  1 

for  H = 30.046  inches  27649.7 


^  ^^     .       i  for  H=30. 
Part  I.  gives  j^^^  ^,^23^ 


660  inches  21406.9 

Difference  .  .  .  6242.8 

Fart  II.  gives  for  T-  T" = 7.2o  —16.9 

Approximate  altitude,  a 6225.9 

^  (/ + r  -.  64) = 6.918  X  83.80  +  579.7 


900 


Second  approximate  altitude,  A  .  .  6805.6 
Fartm.  gives  for  A =6806,  and  L=2P  +   13.3 

Fart  IV.  gives  for  6806  ^  19.3 

Height  above  the  sea 6838J2  feet 
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Example  2.  M.  Gay  Lussac,  in  his  celebrated  balloon  ascent 
in  1805,  found  liis  barometer  to  indicate  12.945  English  inches, 
the  temperature  being  14.9°  Fahrenheit.  The -barometer  at 
Paris  at  the  same  time  indicated  30.145  English  inches,  with  a 
temperature  of  87.44°  Fahrenheit.  Required  the  elevation  of 
the  balloon  above  Paris. 

^     .       (  for  H= 30.145  inches  27735.6 

i-art  1.  gives  |  ^^^  4,^  13.945  inches  5650.4 

Difference  .  .  .  22085.2 

Part  n.  gives  for  T  -  T'' = 72.54°  -169.9 

Approximate  altitude,  a 21915.3 

^  (/+r-64) =24.35x38.34°  +933.6 


900 


Second  approximate  altitude,  A  .  22848.9 
Part  m.  gives  for  A = 22848,  and  L = 48°  50^  -  85 
Part  rV.  gives  for  22848  +82.1 

Height  of  balloon  above  Paris  .  .  22922.8  feet 

Table  XXIIL,  pages  392-3,  furnishes  the  coefficients  for  in- 
terpolation by  differences.  The  Table  on  page  392  contains  the 
values  of  the  coefficients  for  interpolation  by  Bessel's  formula, 
given  in  Art.  223.  Column  first  contains  the  values  of  ^  to  each 
hundredth  of  unity.     Column  second  contains  the  values  of  the 

/—I 
factor  t .  -^—  for  each  value  of  t  contained  in  the  first  column. 

Column  third  contains  the  values  of  the  factor  '  ""o^~  ^^^ 
each  value  of  t  contained  in  the  first  colunm.  '  Colunm  fourth 
contains  the  values  of  the  factor  * '-).  ~<r^A    ""     >  ^^^  column 

fifth  contains  the  values  of  the  factor  ^ '  ^  7^  2\~^  ^  ~ 

2.0.4.5 

for  each  value  of  t  contained  in  the  first  column. 

The  coefficients  of  the  second  differences  are  negative ;  the 

coefficients  of  the  third  differences  are  positive  for  values  of  t 

less  than  one  half,  and  negative  for  values  of  t  greater  than  one 

half.     The  coefficients  of  the  fourth  differences  are  invariably 

positive ;  the  coefficients  of  the  fifth  differences  are  negative  for 

values  of  i  less  than  one*  half,  and  positive  ist  values  of  /  greater 
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than  one  half.  The  mode  of  using  this  Table  has  been  explain- 
ed in  Art.  223, 

The  Table  on  page  393  contains  the  values  of  the  coefficidnts 

^'  ~~2^ 273 '  27374  ' ^^'' ^^^^'  *^"* 

the  same  as  the  coefficients  of  the  binomial  formula^  are  called 
binomial  coefficients,  to  distinguish  them  from  BessePs  coeffi- 
cients on  page  392.  Columns  first  and  second  are  the  same  as 
on  page  392.     Column  third  contains  the  values  of  the  factor 

^  ~"o  q""      ^^^  ®^^^  value  of  t  contained  in  the  first  ookunny 
2 .  o 

and  the  subsequent  columns  are  constructed  in  a  similar  man- 
ner. The  coefficients  for  the  odd  differences  are  positive,  while 
those  for  the  even  differences  are  negative.  The  mode  of  using 
this  Table  has  been  explained  in  Art.  220. 

Table  XXIY.,  pages  394-6,  contains  the  logarithms  of  the 
coefficients  for  interpolation  by  Bessel's  formula  for  every  five 
minutes,  the  unit  of  time  being  supposed  to  be  12  boiirs.  This 
Table  is  fi'om  Sawitsch's  Practischen  Astronomic,  and  its  use 
has  been  explained -on  page  208. 

Table  XXV.,  page  397,  enables  us  to  convert  d^rees  of  the 

centesimal  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

9 
ed  on  the  equation,  a;°  centesimal = (32^ +  -x°)  Fahrenheit 

o 

Table  XXVI.,  page  397,  enables  us  to  convert  degrees  of 

Reaumur's  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

9 
ed  on  the  equation,  a;^  Reaumur = (32° +-x^)  Fahrenheit 

Table  XXVII.,  page  398,  shpws  the  height  of  the  barometer 
(X)rresponding  to  temperatures  of  boiling  water  from  185°  to  214  ^ 
Fahrenheit.  The  temperature  at  which  water  boils  in  the  open 
^ir  depends  upon  the  weight  of  the  atmospheric  colunm  above 
it,  and  under  a  diminished  barometric  pressure  the  water  will 
boil  at  a  lower  temperature.  Since  the  weight  of  the  atmos- 
phere decreases  with  the  elevation,  it  is  evident  that,  in  ascend- 
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ing  a  mountain,  fhe  higher  the  station  the  lower  will  be  the 
temperature  at  which  water  boils.  Hence,  if  we  knew  the  height 
of  the  barometer  corresponding  to  the  temperature  of  boiling  wa- 
ter, we  could  measure  the  altitude  of  a  mountain  by  observing 
the  temperature  at  which  water  boils.  Table  XXYII.  is  de- 
rived from  a  Table  by  Regnault,  published  in  the  Annales  de 
Physique  et  de  Chimie,  t.  xiv.,  p.  206.  In  Regnault's  Table 
the  temperature  is  expressed  in  centigrade  degrees,  and  the 
height  of  the  barometer  in  millimeters.  I  have  deduced  from 
this  a  new  Table,  in  which  the  temperature  is  expressed  in  de- 
grees of  Fahrenheit,  and  the  height  6f  the  barometer  in  English 
inches. 

Table  XXVIIL,  page  399,  contains  the  depression  of  mercury 
in  glass  tubes  on  account  of  capillarity,  according  to  several  dif- 
ferent authorities. 

Table  XXIX.,  page  399,  contains  fhe  factors  by  which  the 
difference  of  readings  of  the  dry-bulb  and  wet-bulb  thermome- 
ters must  be  multiplied  in  order  to  produce  the  difference  be- 
tween the  readings  of  the  dry-bulb  and  dew-point  thermome- 
ters. These  factors  are  derived  from  a  long  series  of  observa- 
tions made  at  the  G-reenwich  Observatory,  and  enable  us  to  con- 
vert observations  made  with  the  wet-bulb  thermometer  into  ob- 
servations made  with  Daniell's  hygrometer. 

Example  1.  The  temperature  of  the  air  being  81.3®,  and  that 
of  the  wet-bulb  being  68.9°,  it  is  required  to  determine  the  dew* 
point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  12.4°,  which,  multiplied  by  1.5,  gives  18.6°,  which  is  the 
difference  bet>veen  the  dry-bulb  and  dew-point  thermometers. 
Hence  the  dew-point  was  at  62.7°. 

Example  2.  The  temperature  of  the  air  being  46.9°,  and  that 
of  the  wet-bulb  thermometer  44.2°,  it  is  required  to  determine 
the  dew-point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  2.7°,  which,  multiplied  by  2.2,  gives  5.9°.  Hence  the  dew- 
point  was  at  41.0°. 
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Table  XXX.,  pages  400-459,  is  a  Catalogue  of  1500  stars, 
derived  chiefly  from  the  Catalogue  of  the  British  Association. 
This  Catalogue  contains  all  the  stars  of  the  British  Associatioii 
Catalogue  to  the  fifth  magnitude  inclusive,  and  ahoat  a  dozen 
st»rs  of  the  magnitude  five  and  a  half,  situated  within  a  few 
degrees  of  the  north  pole. 

Column  first,  on  the  left-hand  page,  contains  the  number  of 
the  star  in  this  Catalogue ;  column  second  contains  the  equiva- 
lent number  in  the  Catalogue  of  the  British  Association ;  column 
third  contains  the  name  of  the  constellation  to  which  the  star 
belongs,  together  with  Flamsteed's  numbers  and  Bayer's  letters, 
according  to  the  British  Association  Catalogue ;  column  fourth 
contains  the  magnitude  of  the  star  according  to  the  same  Cata- 
logue ;  column  fifth  contains  its  right  ascension  on  the  1st  of 
January,  1850 ;  column  sixth  contains  the  annual  variation  of 
the  right  ascension,  and  includes  proper  motion  where  it  exists; 
column  seventh  contains  the  north  polar  distance  on  the  1st  of 
January,  1850 ;  and  column  eighth  contains  the  annual  varia- 
tion of  polar  distance^  including  proper  motion. 

On  the  right-hand  page,  column  first  contains  the  number  of 
the  star  repeated  from  the  former  page ;  the  next  four  columns 
contain  the  logarithms  of  the  factors  a,  b,  c,  and  dy  for  computii^ 
the  reduction  from  the  mean  to  the  apparent  right  ascensi<Hi : 
while  the  last  four  columns  contain  the  logarithms  of  the  factors 
a%  b\  c%  and  d%  for  computing  the  reduction  from  the  mean  to 
the  apparent  polar  distance.  All  the  numbers  on  each  page  are 
copied  from  the  British  Association  Catalogue,  with  the  excep- 
tion of  the  right  ascensions  and  polar  distances  of  such  of  the 
stars  as  are  contained  in  the  Greenwich  twelve-year  Catalogue. 
The  places  of  such  stars  have  been  carefully  reduced  from  the 
years  1840  and  1845  to  1850,  and  are  distinguished  from  other 
numbers  in  the  same  columns  by  an  asterisk. 

In  a  few  cases,  in  which  the  G-reenwich  twelve-year  Cata- 
logue differs  considerably  from  the  British  Association  Catal<^ue, 
the  results  of  the  most  recent  observations  at  Greenwich  have 
been  combined  with  former  ones,  to  obtain  the  mean  places 
which  are  incorporated  in  this  Table. 

The  mode  of  deducing  the  apparent  places  of  the  stars  from 
their  mean  places  has  been  explained  on  page  220. 
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Table  XXXI.,  page  460,  contains  the  secular  variation  of  the 
annual  precession  in  right  ascension  for  the  stars  of  Table  XXX. 
whenever  this  variation  exceeds  0.035s.  The  annual  precession 
of  a  star  does  not  remain  the  same  for  a  long  period  of  time,  but 
undergoes  a  slight  increase  or  decrease  from  year  to  year.  As 
this  annual  change  of  the  precession  is  generally  small  in  amount, 
and  constant  for  a  very  long  period,  it  is  commonly  known  by 
the  name  of  the  secular  variation ;  for,  when  inserted  in  ta- 
bles, as  on  page  460,  it  is  usually  multiplied  by  100,  for  the 
sake  of  a  convenient  arrangement  of  the  figures. 

Assuming,  therefore,  the  annual  variation  of  a  star  in  the 
Catalogue  to  be  denoted  by  V  (which  is  equal  to  the  sum  of  the 
annual  precession  and  the  proper  motion),  the  secular  variation 
by  S,  the  change  of  position  in  the  star  (either  in  right  ascension 
or  north  polar  distance,  as  the  case  may  be)  on  January  1st 
(1850 +y),  will  be  expressed  by 

(V+j^xiy)xy, 

where  ^,  which  denotes  the  number  of  years  from  1850,  must 
be  assumed  +  aftery  and  —  before^  that  epoch.  And  in  this 
manner  the  mean  place  of  a  star  should  be  brought  up  firom 
the  epoch  1850  to  the  commencement  of  any  other  required  year 
before  we  apply  the  annual  correction  for  precession,  aberration, 
and  nutation.  But  for  most  stars,  when  the  period  is  not  very 
long,  the  secular  variation  may  be  omitted. 

Example.  It  is  required  to  find  the  mean  right  ascension  of 
star  46,  on  page  400,  for  January  1,  1860. 

Here  y = 10  years.     Hence    j^^  =  i . 

lOU 

From  page  460,  S=  + 1.2222s.,  and  ^=+ 0.61s. 

Hence  we  have  the  following  results : 

Mean  right  ascension  January  1,  1850   .  Oh.  49m.    9.55s. 

Variation  in  10  years +lm.    7.16s. 

Correction  for  secular  variation +  0.61s. 

Mean  right  ascension  January  1, 1860    .  Oh.  50m.  17.32s. 

Table  XXXII.,  page  461,  contains  the  secular  variation  of  the 
annual  precession  in  north  polar  distance  for  all  stars  in  Table 
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IXI.  whenever  this  variation  amounts  to  0^^.43.     This  Table 
is  to  be  used  in  the  same  manner  as  the  preceding. 

Example.  It  is  required  to  find  the  mean  north  polar  distance 
of  star  300,  page  410,  for  January  1, 1860. 

Herei^^^-i 

Too     *• 

Frcon  page  461,  S=  +r^.367,  and  |=  +0^^7. 

Hence  we  have  the  following  results : 

Mean  north  polar  distance  January  1, 1850  .  10°  67'  24''5 

Variation  in  10  years — 64''.2 

Correction  for  secular  variation +  0''.7 

Mean  north  polar  distance  January  1, 1860  .  10^  66'  30''.7 
For  most  of  the  stars,  the  secular  variation  of  precession  is  in- 
appreciable, except  for  long  intervals  of  time. 

Table  XXXIII.,  page  462,  contains  the  principal  elements  of 
the  planetary  system,  taken  chiefly  from  Madler's  Populare  As- 
tronomie,  vierte  Auflage.  I  have  substituted  the  English  de- 
nominations for  measures  of  length,  in  place  of  the  foreign  de- 
nominations of  Madler,  and  have  substituted  more  recent  ele- 
ments of  Neptune.  Several  of  the  numbers  in  Madler's  Table 
have  been  changed  in  accordance  with  what  were  considered  to 
be  the  best  authorities. 

Table  XXXIY.,  page  463,  contains  the  elements  of  the  satel- 
lites of  the  primary  planets.  The  elements  of  the  moon  were 
derived  from  "Bailey's  Astronomical  Tables  and  FormulsB." 
Those  of  Jupiter's  sateUites  were  derived  from  Madler's  Astro- 
nomic ;  those  of  Saturn's  satellites  were  derived  chiefly  from 
Madler,  modified  in  some  instances  by  comparison  with  Her- 
schel's  Astronomy  and  Hind's  Solar  System.  The  elements  of 
the  satellites  of  Uranus  were  derived  by  myself  chiefly  from  the 
observations  of  Lassell ;  and  those  of  the  sateUite  of  Neptone 
were  derived  from  Hind's  Solar  System. 

« 

Table  XXXY.,  pages  464-5,  contains  the  elements  of  the 
asteroids.     These  elements   have  all  been  derived  from  the 
Nautical  Almanao  for  1861,  with  the  exoeptiaa  of 
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No.  55,  which  was  taken  from  Gtmld's  Astronomical  Journal, 
vol.  v.,  p.  192.  The  elements  of  the  asteroids  most  recently 
discovered  can  only  be  regarded  as  rough  approximations  to 
the  truth. 

Table  XXXYI.,  pages  466-7,  furnishes  the  constants  for  ob- 
taining with  the  greatest  accuracy  the  sines  and  tangents  of 
arcs  not  exceeding  two  degrees.  The  column  headed  log.  sin. 
A— log.  kf'  furnishes  the  difference  between  the  logarithmic 
sine  of  the  arc  given  in  the  adjacent  column,  and  the  logarithm 
of  that  arc  expressed  in  seconds.     Thus, 

The  logarithmic  sine  of  0°  4(K  is 8.06577631 

The  logarithm  of  2400'^(=4(K)  is 3.38021124 

The  difference  is 4.68556507 

This  is  the  number  found  on  page  466,  under  the  heading  log. 
sin.  A— log.  kf\  opposite  0°  40^ ;  and  in  a  similar  manner  the 
other  numbers  in  the  Table  were  obtained.  These  numbers 
vary  quite  slowly  for  two  degrees ;  and  hence,  to  find  the  loga- 
rithmic sine  of  an  arc  not  exceeding  two  degrees,  we  have  but 
to  add  the  logarithm  of  the  arc  expressed  in  seconds  to  the  ap- 
propriate number  found  in  this  Table. 

Required  the  logarithmic  sme  of  0°  24'  22^^57. 

Tabular  number  from  page  466 4.6855712 

'The  logarithm  of  1462^^57  is 3.1651167 

The  logarithmic  sine  of  0°  24'  22''.57  is  ...  .  7.8506879 

The  logarithmic  tangent  of  an  arc  not  exceeding  two  degrees 
is  found  in  a  similar  manner* 

The  same  Table  enables  us  to  find  the  arc  corresponding  to  a 
given  logarithmic  sine  or  tangent.  If  from  the  given  logarith- 
mic sine,  we  subtract  the  corresponding  tabular  number  on  page 
466,  the  remainder  will  be  the  logarithm  of  the  arc  expressed  in 
seconds. 

Required  the  arc  corresponding  to  the  logarithmic  sine 
7.0000000.  We  find  from  page  466  that  the  arc  must  be 
nearly  3' ;  the  corresponding  tabular  number  on  page  466  is 
4.6855748. 

The  difference  is  2.3144252, 

which  is  the  logarithm  of  206.265. 

Hence  the  required  arc  is  3'  26''.265. 
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In  the  same  manner  we  may  find  the  are  corresponding  to  t 
logarithmio  tangent. 

The  nombers  in  Table  XXXYI.  are  given  to  8  decimal  places, 
in  order  that  we  may  be  sore  of  getting  the  seventh  fignre  cor- 
rect to  the  nearest  decimal ;  it  will  be  of  no  use,  however,  to 
retain  the  eighth  ^are  in  our  computations,  uidess  we  em[doy 
logarithmio  tables  of  more  than  seven  decimal  places. 

Table  XXX  VIL,  page  468,  contains  a  misoeUaneons  collec- 
tion of  numbers  which  are  naost  frequently  employed  in  compu- 
tations. They  are  derived  chiefly  from  Shortrede's  Logarithmic 
Tables. 
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DIFFERENT  MAKERS,  WITH  THEIR  PRICES. 

Telescopes  by  Merz  and  Mahler, 

The  refracting  telescopes  manufactured  at  the  establishment  of 
Merz  and  Mahler,  of  Munich,  have  acquired  a  higher  reputation 
than  any  others. 

The  following  is  the  list  of  instruments  furnished  by  this  estab- 
tablishment.  The  dimensions  are  given  in  French  measure,  ac- 
cording to  which,  one  inch=  1.0658  English  inches ;  and  one  foot=r 
12.7892  English  inches.  The  prices  are  in  francs,  one  franc  being 
equal  to  18.5  cents. 

No.  I.  Achromatic  telescope  of  14  inches  aperture  and  21  feet 
focus,  with  an  hour  circle  17  inches  in  diameter,  divided  into  single 
seconds  of  time,  and  a  declination  circle  24  inches  in  diameter,  di- 
vided to  4  seconds  of  arc,  with  six  common  astronomical  eye-pieces, 
magnifying  140,  226,  336,  504,  756,  and  1200  times ;  and  nine  mi- 
crometric  eye-pieces,  magnifying  from  148  to  2000  times.  The  find- 
er has  a  focal  length  of  42  inches,  and  an  aperture  of  34  lines. 

Price  91,300  francs. 

This  telescope  is  of  the  same  size  as  those  of  Cambridge  andPul- 
kova. 

No.  2.  Achromatic^  telescope  of  12  inches  aperture  and  17^  feet 
focus,  like  the  preceding  in  all  respects,  except  that  it  has  six  as- 
tronomical eye-pieces,  magnifying  116, 188, 280,  420,  630,  and  1000 
limes ;  and  nine  micrometric  eye-pieces,  magnifying  from  124  to 
1200.  Price  65,220  francs. 

This  telescope  is  of  the  same  dimensions  as  that  belonging  to  the 
Cincinnati  Observatory. 

No.  3.  Achromatic  telescope  of  10^  inches  aperture  and  15  feet 
focal  length,  with  an  hour  circle  15  inches  in  diameter,  divided  to 
two  seconds  of  time  ;  a  declination  circle  similar  to  No.  1 ;  five  ordi- 
nary eye-pieces,  magnifying  160, 240, 360, 540,  and  856  times ;  and 
eight  micrometric  eye-pieces,  magnifying  from  100  to  1200  times. 
The  finder  has  a  focal  length  of  30  inches,  and  an  aperture  of  29 
lines.  Price  47,830  francs.    . 
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diameter,  divided  to  thirty  seconds ;  five  astronomical  eye-pieces, 
magnifying  from  48  to  243  times ;  a  terrestrial  eye-piece,  magnify- 
ing 9Q  times ;  an  annular  micrometer,  finder,  etc. 

Price  3260  francs. 
No.  10.  Achromatic  telescope  of  37  lines  aperture  and  4  feet  fo- 
cus, with  magnifying  powers  from  64  to  216,  etc. 

Price  1956  francs. 
A  line  is  the  twelfth  part  of  an  inch. 

MERIDIAN  CIRCLES  AND  TRANSIT  INSTRUMENTS. 

Excellent  meridian  circles  and  transit  instruments  are  manufac- 
tured at  Munich,  Berlin,  Hamburg,  London,  and  Paris. 

Meridian  Circles^  by  Ertel  and  Son,  Munich. 

The  following  are  the  prices  of  meridian  circles  and  transit  in- 
struments manufactured  by  Ertel  and  Son,  of  Munich.  The  dimen- 
sions are  given  in  French  measure,  and  the  prices  in  francs,  as  on 
page  491. 

1.  Meridian  circle,  with  a  telescope  of  8  feet  f^cal  length  and  five 
and  a  half  inches  aperture.  At  one  extremity  of  the  horizontal  axis 
is  the  circle  of  altitude,  three  feet  and  four  inches  in  diameter,  read- 
ing, by  four  verniers,  to  one  second.  At  the  other  extremity  of  the 
axis  is  a  circle  of  the  same  dimensions,  but  divided  only  to  sihgle 
minutes  by  one  vernier,  and  furnished  with  a  clamp  and  tangent 
screw.  The  instrument  has  a  large  level  and  four  astronomical 
eye-pieces.  Price  17,160  francs. 

Microscopes  may  be  substituted  for  the  verniers  without  any  in- 
crease of  price. 

2.  Meridian  circle,  with  a  telescope  of  5  feet  focus  and  51  lines 
aperture.  The  circle  is  three  feet  in  diameter,  and  is  divided  by 
four  verniers  to  two  seconds.  Price  11,580  francs. 

3.  Meridian  circle,  with  a  telescope  of  50  inches  focus  and  42  lines 
aperture.     The  circle  is  two  feet  in  diameter.    Price  6430  francs. 

4.  Meridian  circle,  with  a  telescope  of  42  inches  focus  and  34 
lines  aperture.  The  circle  is  twenty  inches  in  diameter,  and  di- 
vided by  four  verniers  to  four  seconds.  Price  5150  francs. 

5.  Transit  instrument,  with  an  object-glass  of  8  feet  focus  and  66 
lines  aperture,  and  four  astronomical  eye-pieces. 

Price  8150  francs. 

6.  Transit  instrument,  with  an  object-glass  of  6  feet  focus  and 
52  lines  aperture,  and  four  astronomical  eye-pieces. 

Price  5360  francs. 
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7.  Transit  inBtminent,  with  an  object-glass  of  42  inches  focus  sad 
34  lines  aperture,  with  three  astronomical  eye-pieces. 

Price  2150  francs. 

8.  Portable  transit  instrument,  with  an  object-glass  of  22  inches 
focus  and  2  inches  aperture,  and  two  astronomical  eye-pieces.  It 
has  a  vertical  circle  of  6  inches,  divided  by  one  Tcmier  to  single 
minutes,  and  an  azimuth  circle  of  14  inches,  divided  by  four  rer- 
niers  to  ten  seconds.  Price  1410  francs. 

9.  Portable  transit  instrument,  with  an  object-glass  of  18  inches 
focus  and  19  lines  aperture,  and  two  astronomical  eye-pieces.  It 
has  a  vertical  circle  of  5  inches,  and  an  aidmuth  circle  of  12  inches. 

Price  1180  francs. 

10.  Grand  vertical  circle,  three  feet  and  four  inches  in  diameter, 
divided  to  two  minutes,  and  reading  by  four  microscopes.  The  tel- 
escope has  an  object-glass  of  6  feet  focus  and  5}  inches  aperture. 

Price  19,300  francs. 

11.  Vertical  repeating  circle,  three  feet  in  diameter,  divided  br 
four  verniers  to  two  seconds.  The  telescope  has  an  object-glass  of 
4  feet  focus  and  37  line*s  aperture.  Price  9500  francs. 

12.  Vertical  repeating  circle,  eighteen  inches  in  diameter,  with  an 
azimuth  circle  of  eight  inches.  The  first  is  divided  by  four  vemien 
to  four  seconds ;  the  latter,  by  one  vernier  to  ten  seconds.  The  tel- 
escope has  an  object-glass  of  2  feet  focus  and  22  lines  aperture. 

Price  3430  francs. 

13.  Vertical  repeating  circle,  fourteen  inches  in  diameter,  with  an 
azimuth  circle  of  six  inches,  divided  like  the  preceding.  The  tele- 
scope has  an  object-glass  of  21  inches  focus  and  22  lines  aperture. 

Price  2580  francs. 

Meridian  Circles  by  Pistor  and  Martins^  Berlin . 

The  following  are  the  prices  of  meridian  circles  and  transit  instru- 
ments made  by  Pistor  and  Martins,  of  Berlin. 

A  rix-doUar  is  equal  to  72  cents  of  United  States  currency. 

1 .  Meridian  circle,  with  a  telescope  of  8  feet  focal  length  and  6 
inches  aperture,  situated  at  the  middle  of  the  horizontal  axis,  with 
four  astronomical  eye-pieces,  magnifying  from  85  to  288  times.  Has 
two  circles  of  four  feet  diameter,  divided  to  single  minutes,  and  each 
furnished  with  four  reading  microscopes.     Price  5000  rix-doUars. 

2.  Meridian  circle,  with  a  telescope  of  6  feet  focus  and  52  lines  ap- 
erture. Has  two  circles  of  three  feet  diameter,  divided  to  two  min- 
utes, and  reading  by  eight  microscopes.      Price  3800  rix-dollars. 

3.  Meridian  circle,  with  a  telescope  of  4  feet  focus  and  3  inches 
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aperture.     Has  two  circles  of  two  feet  diameter,  divided  to  two  min- 
utes, and  reading  hj  eight  microscopes.       Price  2700  rix-dollars. 

4.  Meridian  circle,  with  a  telescope  of  2  feet  focus  and  2  inches 
aperture.  Has  two  circles  of  sixteen  inches  diameter,  reading  with 
four  microscopes.  Price  1000  rix-dollars. 

5.  Transit  instrument,  with  an  8  feet  telescope,  like  No.  1,  omit- 
ting the  circle  and  microscopes.  Price  2400  rix-dollars. 

6.  Transit  instrument,  with  a  6  feet  telescope,  like  No.  2,  without 
the  circle.  Price  1500  rix-dollars. 

7.  Transit  instrument,  with  a  4  feet  telescope,  like  No.  3,  with- 
out the  circle.  Price  700  rix-dollars. 

8.  Transit  instrument,  with  an  8  feet  telescope  at  the  end  of  the 
horizontal  axis.  The  pivots  rest  upon  a  stone  column,  excavated 
in  the  middle,  and  having  a  contrivance  for  rapid  reversal  of  the 
axis,  as  represented  on  page  161.  Price  3800  rix-dollars. 

9.  Transit  instrument,  like  No.  8,  except  a  6  feet  telescope. 

Price  3000  rix-dollars. 

10.  Transit  instrument,  like  No.  8,  except  a  4  feet  telescope. 

Price  2000  rix-dollars. 

11.  Transit  instrument,  like  No.  8,  with  a  three  feet  circle,  read- 
ing hy  four  microscopes.  Price  4600  rix-dollars. 

12.  Transit  instrument,  like  No.  9,  with  a  three  feet  circle,  read- 
ing hj  four  microscopes.  Price  3800  nx-doUars. 

13.  Transit  instrument,  like  No.  10,  with  a  two  feet  circle,  read- 
ing by  four  microscopes.  Price  2600  rix-dollars. 

Similar  instruments,  and  at  corresponding  prices,  are  made  by  the 
Messrs.  Repsold,  of  Hamburg. 

The  prices  of  the  patent  circles  made  by  Pistor  and  Martins,  Ber- 
lin, and  mentioned  on  page  102,  are  as  follows : 

Patent  circle^  5  inches  radius,  with  two  verniers,  reading  to  20^^ 
(or  10^^  if  desired) 85  rix-dollars. 

The  same,  with  lamp  for  night  reading 90         '* 

Patent  sextant y  6  inches  radius,  reading  to  10^^.  .  80         " 

• 

Instruments  by  William  Simms,  London, 

1.  Achromatic  telescope,  3|  inches  object-glass  and  five  feet  focal 
length,  moimted  upon  a  universal  equatorial  stand JE^llO. 

2.  Achromatic  telescope,  4  inch  object-glass 140. 

3.  Ditto  ditto,  4  inch  object-glass,  mounted  equatorial- 
ly  on  an  iron  pillar,  with  clock  motion J^150. 

4.  Completely  mounted  equatorial,  with  clock  movement,  microm- 
eter, etc. ;  5  feet  focus  and  4  inch  object-glass i7230. 
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5.  Equatorial  iastruments  of  larger  dimensions,  having  telescopef 
varying  from  4^  to  9  inches  aperture^  with  finely  graduated  circles, 
clock  movement,  micrometers,  etc from  J&300  to  800. 

6.  Three  and  a  half  feet  transit  instrument,  constructed  for  fixing 
upon  stone  piers X84. 

7.  Three  and  a  half  feet  transit  instrument  complete,  with  two 
setting  circles,  etc X105. 

8.  Five  feet  transit  instrument,  4  inches  aperture 180. 

9.  Seven  feet  transit  instrument 420. 

10.  Transit  circle,  18  inches,  with  three  reading  microscopes,  hir- 
ing a  telescope  of  30  inches  focus  and  3  inches  aperture  .  .XI 30. 

11 .  Two  feet  transit  circle 220. 

12.  Three  feet  transit  circle 350. 

13.  Four  feet  transit  circle 500. 

14.  Fifteen  inch  altitude  and  azimuth  instrument,  both  cirelei 
reading  by  micrometers X130. 

15.  Altitude  and  azimuth  instrument,  the  altitude  circle  18  inch- 
es and  azimuth  circle  15  inches,  with  micrometers XI 50. 

16.  Altitude  and  azimuth  instrument,  both  circles  18  inches,  with 
micrometers jC210. 

17.  Twelve  inch  repeating  circle  (Borda's) 84. 

1 8.  Eighteen  inch  ditto  105. 

19.  Five  or  six  feet  mural  circle 750. 

20.  Eight  feet  mural  circle,  Hke  that  at  Cambridge  University. 
England XlOoO. 

A  pound  sterling  is  equal  to  $4.84. 

Telescopes  by  Henry  Fitz,  of  New  York. 

Mr.  Fitz  has  completed  large  telescopes  of  seven  difiierent  sixes. 

No.  1  has  a  clear  aperture  of  12  inches,  and  a  focal  length  of  17 
feet.  It  has  7  negative  and  6  positive  eye-pieces,  the  highest  mag- 
nifying power  being  1200.  The  declination  circle  is  20  inches  in 
diameter,  graduated  to  20^,  and  reads  by  four  verniers  to  20".  The 
right  ascension  circle  is  20  inches  in  diameter,  graduated  to  20 .  and 
reads  by  two  verniers  to  two  seconds  of  time — is  furnished  with 
clock-work  and  micrometer.  This  telescope  was  sold  to  Michigan 
University  for  $6000. 

No.  2  has  an  aperture  of  9J  inches,  and  a  focal  length  of  14  feet. 
It  has  7  negative  and  6  positive  eye-pieces,  the  highest  magnifyiu^ 
power  being  1000.  Circles  of  the  same  size  as  No.  1.  This  tele- 
scope was  sold  to  West  Point  Academy  for  $5000. 

No.  3  has  an  aperture  of  9  inches,  and  a  focal  length  of  9 J  feet 
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Highest  magnifying  power  600.  This  telescope  was  sold  to  Mr. 
Rutherford,  of  New  York,  for  $2200.  It  was  made  with  an  unusu- 
ally short  focus,  to  accommodate  the  size  of  Mr.  Rutherford's  dome. 

No.  4  has  a  focal  length  of  11  feet,  and  an  aperture  of  8^  inches. 
It  has  twelve  eye-pieces,  the  highest  magnifying  800  times.  Price, 
with  clock-work  and  micrometer,  $2200  •: — with  plain  mounting, 
$1600. 

No.  5  has  a>  focal  length  of  8  feet,  and  an  aperture  of  6^  inches. 
Highest  magnifying  power  500.  Price,  with  clock-work  and  mi- 
crometer, $1300. 

No.  6  has  a  focal  length  of  7  feet,  and  an  aperture  of  5  inches. 
Highest  magnifying  power  400  times.  Price,  with  clock-work  and 
micrometer,  $1050 — without  clock-work  or  micrometer,  $825. 

No.  7  has  a  focal  length  of  5  feet,  and  an  aperture  of  4  inches. 
Highest  magnifying  power  250  times.  Price  $225,  without  clock- 
work or  micrometer. 

Mr.  Fitz  obtains  his  crown  glass  from  the  manufactory  of  Bon- 
temps,  of  Birmingham,  England ;  his  flint  glass  he  obtains  from  Paris. 

Several  of  Mr.  Fitz's  telescopes  have  been  subjected  to  the  se- 
verest tests  by  competent  judges,  and  have  been  decided  to  com- 
pare favorably  with  the  best  Munich  instruments. 

Telescopes  by  Alvan  Clark,  of  Boston. 

Mr.  Clark  has  ground  and  mounted  twelve  object-glasses  of  from 
4  to  7^  inches  aperture,  the  largest  of  which  was  purchased  by  an 
eminent  English  observer.  Two  fine  double  stars  were  discovered 
with  this  glass  by  Mr.  Clark,  one  of  which  is  25  Ceti.  Mr.  Clark  has 
just  completed  an  instrument  for  Amherst  College,  7^  inches  aper- 
ture, and  a  focal  distance  of  101  inches,  having  a  pendulum-driv- 
ing clock,  to  which  is  applied  Mr.  Bond's  spring  governor.  The  tel- 
escope was  furnished  at  a  cost  of  $1800.  It  has  brought  to  view 
two  new  double  stars,  one  in  R.  A.,  18h.  17m.  lis. ;  Dec,  lo  30^ 23^^ 
S.;  Mag.,  7^  and  7j;  Distance  estimated,  0^''.3 :  the  other  is  in  R. 
A.,  19h.  50m.  35s. ;  Dec,  2o  38^  V  S. ;  Mag.,  7^  and  8 ;  Distance, 

Ix 
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IiOOMIS'S 

SERIES    OF    SCHOOL    AND    COLLEGE 

TEXT-BOOKS. 


Tbb  Course  of  MathenuitlGt  by  Profenor  Logmib  baa  now  been  for  sereral  jean  before  tbe 
Pablio,  and  baa  received  tbe  general  approbation  of  Teachers  tbrougbout  the  country.  Tbe 
following  are  some  of  tbe  institutions  in  which  this  Course  baa  been  introduced,  either  wholly 
or  in  part:  Dartmouth  College, N.  H.;  Williams  College,  Mas&;  AmbeFst  College,  Mass.; 
Trinity  College,  Conn. ;  Wesleyan  Uniyersity,  Conn. ;  Hamilton  College,  N.  Y. ;  Uobart  Free 
College,  N.  Y. ;  New  York  University,  N.  Y. ;  Dickinson  College,  Penn. ;  Jefferson  College, 
Penn. ;  Alleghany  Coll^^  Fenn. ;  Lafayette  College,  Penn. ;  St.  James's  College,  Md. ;  Em- 
ory and  Henry  College,  Va. ;  Lynchburg  College,  Va. ;  Bethany  College,  Va. ;  South  Carolina, 
College,  &  C. ;  Alabama  University,  Ala. :  La  Orange  College,  Ala. ;  Louisiana  College,  La. ; 
Transylvania  University,  Ky. ;  Cumberland  College,  Ky. ;  Western  Beserve  College,  Ohio ; 
3Carietta  College,  Ohio ;  Oberlin  College,  Ohio :  Antiocb  College,  Ohio ;  Asbury  University, 
Ind. ;  Wabaab  College,  Ind. ;  Illinois  College,  111. ;  Shurtleff  College,  lU. ;  McKendree  Col- 
lege, IlL :  Knox  College,  HL ;  Missouri  University,  Mo. ;  University  of  Michigan,  Mich. ;  Be- 
loit  College,  Wisconsin;  Iowa  University,  Iowa. 

Professor  Loomis*s  text-books  are  distinguished  by  simplicIW,  neatness,  and  aocnraoy ;  and 
are  remaricably  well  adapted  for  recitation  in  schools  and  colleges.  I  am  satisfied  no  hooka 
in  use,  either  in  America  or  England,  are  so  well  adapted  to  the  circumstances  and  wants  of 
American  teachers  and  pupils.— W.  C.  Laxsabkb,  late  Profu&or  cf  Math$matio$j  Indiana  A§- 
}mry  UrdvenUy, 

FroteaaoT  Loomis*s  text-books  in  Mathematics  are  models  of  neatness,  precision,  and  practic- 
al adaptation  to  the  wants  of  students. — Methodist  Quarteiiy  RevieuL 

These  books  are  terse  in  style,  clear  in  method,  easy  of  comprehension,  and  perfectly  free 
from  that  useless  verbiage  with  which  it  is  too  much  the  fashion  to  load  school-books  under 
pretense  of  explanation. — SeotCs  WeeJdy  Paper,  Canada, 

A  Treatise  on  Aritbmetio. 

Theoretical  and  Practical.     12mo,  852  pages,  Sheep  extra,  75  cents. 

This  volume  explains,  in  a  simple  and  philosophical  manner,  the  theory  of  all  the  ordinary 
operations  of  Arithmetic,  and  illustrates  them  by  examples  sufficiently  numerous  to  impreas  thom 
indelibly  upon  the  mind  of  the  pupiL  It  is  designed  for  the  use  of  advanced  students  in  our 
public  schools,  and  furnishes  a  complete  preparation  for  the  study  of  Algebra,  as  well  as  for 
the  pracUcal  duties  of  the  counting-house. 

The  answers  to  about  one  third  of  the  qnestions  are  given  in  the  body  of  the  work ;  but,  in 
order  to  lead  the  student  to  rely  upon  his  own  Judgment,  the  answers  to  the  remaining  ques- 
tions  are  purposely  omitted.  For  the  convenience,  however,  of  such  teachers  as  may  desire  it, 
there  is  published  a  email  edition  containing  all  the  answers  to  the  questlona 

As  an  introduction  to  the  authoi's  incomparable  series  of  mathematical  works,  and  display- 
ing, as  it  does,  like  characteristic  excellences,  judicious  arrangement,  simplicity  in  the  state- 
ment, and  clearness  and  directness  in  the  eluddation  of  principles,  this  work  can  not  fail  of  a 
like  flattering  reception  from  the  public — O.  L.  Castlk,  Prdfeitor  cf  BhUoric,  and  WAiaBii 
LxTKSKTT,  A.M.,  Principal  dfPrtp.  DepX  Shurtlef  College,  llUnoie, 

We  have  used  Loomis's  Arithmetic  in  this  Institute  since  its  publieation,  and  I  can  truly  say 
that,  in  arrangement,  accuracy,  and  logical  expression  It  is  the  best  treatise  on  the  sut^ect 
with  which  I  am  acquainted.  It  has  stood  tbe  test  of  the  class-room,  and  I  am  well  pleased 
with  the  results.— N.  B.  Wkbstsb,  President  of  Virginia  Cottegiate  JnsUtuts  (Portsmouth)! 

Professor  LoomIs  has  given  us  a  work  on  Arithmetic  which,  for  precision  in  language,  eom- 

prehensiveness  of  deilniuons,  and  suitable  expla'nation,  has  no  equal  before  the  pnblic. P.  £. 

WiLDia,  QreenJMi  (111.)  Jfole  and  Female  Seminary. 

I  have  adopted  Professor  Loomis*s  Arithmetic  (as  well  as  his  entire  Mathematical  Series)  as  a 
text-book  in  this  institution.  The  rules  in  this  Arithmetic  are  demonstrated  with  that  unusual 
clearness  and  brevity  which  so  pre-eminently  distinguish  Professor  Loomis  as  a  mathematical 
author.— J.  M.  Fsbsbs,  A.M.,  Prqfessor  tf  Mathematies,  Dickinson  Seminary  (Pa.). 

In  general  arrangement  and  adaptation  to  the  wants  of  our  schools,  I  have  never  seen  any 
thing  equal  to  Professor  LoomlS*s  ArithmeCic.— Dakikl  MoBuds,  BeUtfonte  (Pa.)  Aeadsmp. 

We  have  taken  some  pains  to  examine  Professor  Loomis's  Arithmetic,  and  find  it  has  didms 
which  are  peculiar  and  pre-eminent.  The  principles  are  developed  in  their  natural  order;  ev- 
ery rule  is  plainly,  though  briefly  demonstrated,  and  tbe  pupil  is  taught  to  express  his  ideas 
elearly  and  predsely.— Ifesfem  LUerary  Messenger, 

This  work  is  calculated  to  make  scholars  thoroughly  acquainted  with  the  science  of  arith- 
metic.   It  is  certainly  superior  to  any  we  have  ever  seen. — LouiseUU  Courier. 

The  clearness  and  simpllelty  of  Professor  Loomis's  Arithmetic  are  in  charming  oontrmst  with 
OUT  own  reminiscences  of  similar  compilations  in  our  school  days,  whereof  the  main  and  mis- 
taken otject  was  to  bafBe  a  cbild*s  comprehension.— TTke  Atbian, 
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Elements  of  Algebra. 

Designed  for  the  Use  of  Beginners.    Twelfth  Edition.    12ino,  281  ptge% 

Sheep  extra,  62^  cents. 

This  Tolume  If  Intended  for  th«  qm  of  stadenti  who  have  Jnst  eompleted  the  ttadj  of  Aii^ 
metic  It  is  believed  that  it  will  be  found  niDlkclenUj  dear  end  simple  to  be  adepied  to  the 
want!  of  a  large  claaa  of  Btudenti  In  our  eommon  eehooLi.  It  explaine  the  method  of  eotriag 
equations  of  the  first  degree,  with  one,  two,  or  more  nnknown  quantities ;  the  priocipiee  of  in- 
volution and  of  evolution ;  the  solution  of  equations  of  the  second  degree;  the  principles  of  r»- 
tlo  and  proportion,  with  arlthmetleal  and  geometrieal  prograsslon.  Every  prlnelplB  ie  lllas- 
trated  by  a  copious  eoUection  of  examples ;  and  two  hundred  mlaoeUa&eoaa  prohlCBa  wiB  be 
found  at  the  close  of  the  book:. 

I  have  used  Loomia*s  Elements  of  Algebra  in  my  school  for  several  yeaim,  and  have  Cm»d  it 
fitted  in  a  high  degree  to  give  the  pupil  a  elear  and  comprehensive  knowledge  of  the  cleBcatt 
of  the  science.  I  believe  teachers  of  Academies  and  High  SdiooU  will  find  It  all  thai  thej 
ean  desire  as  a  text-book  on  this  bianch  of  Mathematics.— Professor  ALomo  Gbat,  BrmUgm 
Bifffhti  Stndnary. 

I  am  so  much  pleased  with  LoomiiTs  Elements  of  Algebra  that  I  have  Inlrodaccd  It  ss  a 
text-book  in  the  Institution  under  my  care.— Rev.  Gouam  D.  Abboi^,  BpfmgUr  insTifiiir,  JT.  Y. 

Loomis's  Elements  of  Algebra  Is  wwthv  of  adoption  In  our  Aftademire,  and  will  be  taai 
to  be  an  excellent  text-book.  The  definitions  and  rules  are  expressed  In  atanple  and  acewHi 
language;  the  collection  of  examples  sutjoined  to  each  rule  Is  suflldeBtly  ecploiu;  aad  ss  a 
book  for  beginners  it  is  admirably  adapted  to  make  the  learner  thoroughly  acnoalnted  wllh 
the  first  principles  of  this  important  branch  of  science.— D.  ILaOAVi^aT,  l*vim.i]^  <lf  <As  Ht^- 
tscftnie,  BdtooC,  New  Oripons. 

Loomis's  Algebras  form  an  excellent  progressive  course  for  the  young  etodent  The  "Ele- 
ments** could  be  put  with  advantage  into  the  hands  of  every  child  who  has  maalered  the  prlad- 
ples  of  Arithmetic,  and  Is  admirably  adapted  for  the  nse  of  eommoo  sehoola.  Tbe  aptaaa- 
tlons  of  the  author  are  extremely  lucid  and  comprehensive. — N.  Y.  Often  sei. 

I  have  carefhllj  examined  Loomto*s  Elements  of  Algebra,  and  dieerAilly  reeoBOMnd  It  «e 
aocount  of  its  superior  arrangement  and  elear  and  full  explaaattona. — Bouimom  Jssvn,  Prim- 
eipalqfN.  Y.  Onnmereial  School 

Loomis*8  Elements  of  Algebra  is  prepared  with  the  cars  and  Judgment  that  diaraclariM  all 
the  elementary  works  pnbliahed  by  the  same  author.— JfsModM  HuarttHif  RevUm. 

A  Treatise  on  Algebra. 

Eighteenth  Edition.    8to,  859  pages,  Sheep  extra,  $1  00. 

This  treatise  is  designed  to  contain  as  much  of  algebra  as  can  be  profitsbly  fCftd  Ib  Ae  Hr* 
allotted  to  this  study  in  most  of  our  colleges,  and  those  sul^ts  have  been  aelected  whkh  si« 
most  important  in  a  course  of  mathematical  study.  Particular  pains  have  been  taken  to  calti- 
vate  in  the  mind  of  the  student  a  habit  of  generalisation,  and  to  lead  him  to  reduce  every  pria- 
dple  to  its  most  general  form.  It  is  believed  that,  in  req)ect  of  diflleulty,  UUa  tmatlse  need 
not  discourage  any  youth  of  fifteen  years  of  age  who  possesses  average  abUltlea,  while  it  te  de- 
signed to  form  close  habits  of  reasoning,  and  cultivate  a  truly  phuoeophlcal  wfMX  la  men 
mature  minds.  In  accordance  with  the  expressed  wish  of  many  teachers;  st  "''Hfiril  coQse- 
tion  of  two  hundred  and  fiAy^  problems  is  appended  to  the  last  eution  of  this  wor^ 

Professor  Loomis  has  here  aimed  at  exhibiting  the  first  pxindiries  of  Algebra  in  a  form  which, 
while  level  with  the  capacity  of  ordinary  students  and  the  present  state  of  the  rrlmft.  is  it- 
ted  to  elicit  that  degree  of  effort  which  educational  purposes  require.  Throoghont  the  wesfc. 
whenever  it  can  be  done  with  advantage,  the  practice  is  followed  of  generaUaing  partlcakr 
examples,  or  of  extending  a  question  proposed  relative  to  a  partknUgr  quantity,  to  the  elmt  ot 
quantities  to  which  it  belongs,  a  practice  of  obvious  utility,  as  aocustoining  tfaie  student  to  put 
from  the  particular  to  the  general,  and  as  fitted  to  impress  a  main  distinction  between  the  lit- 
eral and  numerical  calculua  The  general  doctrine  of  Equations  Is  expoui^ed  with  deai 
and  independence.  The  author  has  developed  this  sutject  in  an  order  of  hia  own.  We 
tnre  to  say  that  there  will  be  but  one  opinion  respecting  the  general  character  of  tte 
tion.— iimerioon  Journal  of  Seitnee  and  Art*. 

Professor  Loomis's 'Algebra  is  peculiarly  well  adapted  to  the  wants  of  stndenta  in 

and  colleges.  The  materials  are  well  selected  and  well  arranged ;  the  mies  siod  piinciplss  ate 
stated  with  clearness  and  predslon,  and  accompanied  with  satiifactonr  proolh,  fllnstratiiw^  and 
examplea— A.  D.  Stamlxy,  laU  Professor  of  Mathematics  in  YaU  QoUsge, 

I  have  carefully  examined  the  work  of  IVofessor  Loomis  on  Algebra,  and  am  mudi  pleasid 
with  it  The  arrangement  Is  sufficiently  scientific,  yet  the  order  ofthe  topics  Is  obvioosfy,  aad, 
I  think,  judlcionily,  made  with  reference  to  the  development  of  the  powers  of  the  pv^lL  The 
most  rigorous  modes  of  reasoning  are  designedly  avoided  In  the  eanier  portions  of  the  wofk. 
and  deferred  till  the  student  is  better  fitted  to  appreciate  them.  AH  the  prlnclplea  aie,  bower- 
er,  established  with  sufficient  rigor  to  give  satisfaction.  On  the  whole,  therefore,  I  think  this 
work  better  suited  for  the  purposes  of  a  text-book  than  any  other  I  have  seen. — Avflvsrct  W. 
8MXTIL  LL.D.,  Presid£nt(^W€sieyan  University. 

Professor  Loomis's  work  is  well  calculated  to  impart  a  dear  and  correct  knowledge  of  the 
principles  of  Algebra.  The  rules  are  concise,  yet  sufficiently  comprehenalve,  containing  la 
few  words  all  that  is  necessary,  and  nothing  more;  the  absence  of  which  quality  mara  aaaay  a 
Bdentlflc  treatise.  The  collection  of  problems  is  peculiarly  rich,  adapted  to  Imprese  the  mwt 
important  principles  upon  the  youthful  mind,  and  the  student  is  led  gradually  and  totefficmt- 
•7  Into  the  more  interesting  and  higher  departmento  of  the  science.— Jom  BnocKLnnr  a  w 
Pnfessor  of  Mathematics  and  Naturcd  PhiUmpku  in  Trinitu  (MUge. 

I  am  much  pleased  with  Professor  LoomliTs  AJgebra.    The  arrangement  of  the  mtfect  k^  I 
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think,  an  admirable  one.  The  bett  proof  I  ean  cire  of  the  estimation  in  which  I  hold  it  it, 
that  I  have  taught  it  to  aoTenl  noeeaiTe  claMea  in  thia  College.— Jobm  Tatloox,  A.M.,  Pro- 
/eMor  of  MathematieB  in  WiXtlamM  CSdUmc* 

ProfetMr  Loomia'a  work  on  Algebra  U  exeeedlnglr  well  adapted  for  the  purposes  of  instruc- 
tion. He  has  aroided  the  dilBenltiea  which  result  from  too  great  conciseness,  and  aiming  at 
the  utmost  rigor  of  demonstration ;  and,  at  the  same  time,  has  ftirnished  in  his  book  a  good 
and  sufBcient  preparation  for  the  subsequent  parts  of  the  mathematical  course.  I  do  not  know 
of  a  treatise  which,  all  things  considered,  keeps  both  these  objects  bo  steadily  in  view.  —  L 
Wau>  Axdbbws,  Prf^umrr  n^  Mathematlet  ana  Natural  PhOomtphy  in  Marietta  CoUegt. 

I  regard  Professor  Loomis's  Algebra  as  altogether  worthy  of  the  high  rapnUtion  its  anther 
deservedly  eqjoys.  It  poaseases  ttiose  quaUties  which  are  chiefly  requisite  in  a  college  text- 
book. Its  statements  are  clear  and  definite ;  the  more  Important  principles  are  made  so  prom- 
inent as  to  arrest  the  pupil's  attention;  and  it  conducts  the  pupil  by  a  sure  and  easy  path  to 
those  habiti  of  gentraUuition  which  the  teacher  of  Algebra  has  so  much  dilBculty  in  imparting 
to  his  pupils.— JuLXAif  M.  Stusxetamt,  LL.D.,  Pruiamt  nfllUnoU  CoOege, 

Elements  of  Geometry  and  Conio  Seotions. 

Fifteenth  Edition.    8to,  284  pages,  Sheep  extra,  75  cents. 

The  arrangement  of  the  propositions  in  this  treatise  is  generally  the  same  as  in  Legendre*s 
Geometry,  but  the  form  of  the  demonstrations  is  reduced  more  nearly  to  the  model  of  Euclid. 
The  propositions  ara  all  enunciated  in  general  terms,  with  the  utmost  brevity  which  is  eon- 
sistent  with  clearneoL  The  short  treatise  on  Ck)nlc  Sections  appended  to  this  volume  is  de- 
signed particularly  for  Chose  who  have  not  time  or  inclination  mr  the  study  of  analytical  ge- 
ometry. The  last  edition  of  this  work  contains  a  collection  of  theorems  without  demonstra- 
tions, and  problems  without  solutions,  for  the  exercise  of  the  pupil. 

Professor  Loomis*s  Geometry  is  characterised  by  the  same  neatness  and  elegance  which  were 
exhibited  in  his  Algebra.  While  the  losical  form  of  argumentation  peculiar  to  Playfidr^s  Eu- 
clid is  preserved,  more  completeness  and  symmetry  is  secured  by  additions  in  solid  and  spher- 
ical geometry,  and  by  a  different  arrangement  of  the  propositions.  It  will  be  a  favorite  witli 
those  who  admire  the  chaste  fonns  of  argumentation  of  the  old  school ;  and  it  is  a  question 
whether  these  are  not  the  best  for  the  purposes  of  mental  discipline.— AbrCAcm  Ckriman  Ad- 
voeate. 

I  consider  LoomiiTs  Geometry  and  Trigonometry  the  best  works  that  I'  have  ever  seen  on 
any  branch  of  elementary  mathematics.  —  Jamxs  B.  Dodd,  A.M.,  Pn^etaor  of  MathemaHe%^ 
Tmnsifivama  UmvenUy. . 

Having  ns^  Loomi^s  Elements  of  Geometry  for  several  years,  carefully  examined  it,  and 
compared  it  with  Euclid  and  Legendre,  I  have  found  it  preferable  to  either.  Teachera  will  find 
the  work  an  excellent  text-bool^  suited  to  give  a  clear  view  of  the  beautiful  science  of  whidi 
it  treats.— Alomxo  Geat,  A.M.,  Prhtcipal  ^ Brooldun  Hdghta  Seminary. 

Professor  Loomis  has  made  many  improvements  in  Legendre*s  Geometry,  rataining  all  the 
merits  of  that  author  without  the  defects.  I  have  adopted  his  woik  as  a  text-book  in  this  ool- 
lege.— Tbom AB  E.  Suvlbb,  A.1L,  Prf^ft9aor  ^f  Mathematie^  in  Diekinaon  CoUtfje. 

Every  page  of  this  book  bears  marks  of  careful  preparation.  Only  those  propositions  are  ee- 
leeted  which  ara  most  important  in  themselves,  or  which  ara  indispensable  in  the  demonstra- 
tion of  others.  The  propositions  are  all  enunciated  with  studied  predsion  and  brevity.  The 
demonstrations  ara  complete  without  being  encumbered  with  verbiage;  and,  unlike  many 
works  we  could  mention,  the  diagrams  ara  good  representations  of  the  oljects  intended.  We 
believe  this  book  wUl  take  its  plaee  among  the  best  elementary  works  which  our  country  has 
produced. — Ammriean  Bmritw, 

The  enunciations  in  Professor  Loomis*s  Geometry  ara  concise  and  dear,  and  the  processes 
neither  too  brief  nor  too  diffUse.  The  part  treating  of  solid  geometry  is  undoubtedly  superior, 
in  dearness  and  arrangement,  to  any  other  elementary  treatise  among  us.— if.  Y,  EvangttUL 

Trigonometry  and  Tables. 

Thirteenth  Edition.    8ro,  360  pages,  Sheep  extra,  $1  50.    The  Trigonometry 
and  Tables  hound  separately.    The  Trigonometiy  $1  00;  Tahles,  %IQ0, 

This  work  contains  an  exporitlon  of  the  natura  and  properties  of  logarithms;  the  prlndplea 
of  plane  trigonometry;  the  mensuration  of  surfaces  and  solids;  the  principles  of  land  survey- 
ing, with  a  Aill  description  of  the  instruments  employed ;  the  elements  or  navigation,  and  of 
spherical  trigonometry.  The  tablea  Ihrnish  the  logarithms  of  nnmbera  to  10,000,  with  the  pro- 
portional parts  for  a  fifth  figura  in  the  natural  number;  logarithmic  sines  and  tangents  for  ev- 
ery ten  seconds  of  the  quadrant,  with  the  proportional  paxts  to  single  seconds;  natural  sines 
and  tangents  for  every  minute  of  the  quadrant ;  a  traverse  table  \  a  table  of  meridional  parts, 
^kc  The  last  edition  of  this  woik  contains  a  collection  of  one  hundred  miscellaneous  prab- 
lems  at  the  dose  of  Uie  volume. 

In  this  work,  the  prindples  of  Trigonometry  and  its  applications  ara  discussed  with  the  same 
clearness  that  chaneterisea  the  previous  volumes.  The  portion  appropriated  to  Mensuration, 
Surveying,  Ac.,  will  especiallv  commend  itsdf  to  teachers,  by  the  Judgment  exhibited  in  the 
extent  to  which  they  ara  carried,  and  the  praetleally  nsefhl  character  of  the  matter  introduced. 
What  I  have  particnlariy  admired  in  this,  as  well  as  the  previous  volumes,  Is  the  constant  ree- 
ognition  of  the  dlfRculties,  present  and  prospective,  which  are  likely  to  embarrass  the  learner, 
and  the  skill  and  taet  with  which  they  are  removed.  The  Logarithmic  Tables  will  be  found 
unsurpassed  in  practical  convenience  by  any  othen  of  the  same  extent— Auousnm  W.  SinTH. 
LL.D.,  Pruidml  qf  the  Wmityan  Uniwtrttty. 

LoomUrs  Trigonometry  la  saflleiently  extensive  for  collegiate  pvpoies,  and  Is  everf  whasa. 
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dear  and  simple  In  iU  atatemeDta  wltlurat  being  rednndaat  The  leaner  will  ben  Cnd  what 
he  xeaUr  needs  withont  being  distraetod  by  what  ic  mperflaons  or  irreleranL — ^A.  Camwwll, 
P.D.,  iW«MO>'  cf  MathemaOet  and  NaturtU  PhOotophy  in  Bnwn  UnimnUif. 

Loomis's  Tables  are  Tastly  better  than  those  in  common  nae.  The  eztansioa  of  fho  ainea  and 
tangents  to  ten  seconds  is  a  great  improvement  The  tables  of  natural  sines  an  IndfapensaUe 
to  a  good  understanding  of  TrigonomeUy,  and  the  natoral  tangents  are  azeeedinglj  eoBvenleat 
in  analytical  geometry.  —I.  Wabd  AnvBiwa,  A.M.,  Prqfuaor  nf  Maihmmatiet  ami.  A'atmnl 
PhiUmophy  in  MariMa  Cofkge, 

Loomls's  Trigonometry  and  Tables  are  a  great  aoqniaition  to  mathematical  aeiioola.  I  knew 
of  no  work  in  which  the  principles  of  Trigonometry  are  so  wdU  condensed  and  so  admizmblT 
adapted  to  the  conrse  of  instruction  in  the  mathematical  sehools  of  our  ooontry.— Tboiias  1L 
Sin>Lxn,  A.M.,  Pn/eMor  ef  MatkemaHe»  in  JHeUnton  CcUsffi. 

I  am  so  much  pleased  with  Professor  Loomis*s  Trigonometry  that  I  hare  adopted  It  as  a  test- 
.book  in  this  college Jobn  Bbooklbsbt,  A.M.,  Pni/9$aor  i^Matktmaiieain  TrbUty  Cetltna. 

Loomis's  Trigonometry  is  well  adapted  to  giro  the  student  that  disHnet  kDowledge  or  the 

?rinciples  of  the  science  so  important  in  the  rorUier  prosecution  of  the  study  of  mathematlea 
'he  description  and  representation  of  the  instruments  used  in  surreying,  lerellng,  Ac,  are  suf- 
ficient to  prepare  the  student  to  make  a  practical  application  of  Uke  prfidplea  be  has  Uanod. 
The  Tables  are  just  the  thing  for  college  studentSb— Jomr  Tatlook,  A.M.,  Prq/!umir  ^  Maikt- 
matie$  in  WiUiama  CoUege, 

Elements  of  Analytical  Oeometryi 

and  of  the  Differential  and  Integral  Calcolna.    Elerenth  Edition.    8to»  278 
pages,  Sheep  extra,  $1  50. 

The  first  part  of  this  rolnme  treats  of  the  appUoatfon  of  algebn  to  geometrj,  the  eeoAkrae^ 
tion  of  ^uations,  the  properties  of  a  straight  line,  a  drele,  parabola,  ellipse,  and  hyperbola ;  the 


dassiflcation  of  algebraic  cunres,  and  the  more  important  transeendentel  enrvea.  The 
part  treats  of  the  duilBrentiation  of  algebraic  functions,  of  Madanrin*s  and  Ti^loif  s 
of  maxima  and  minima,  transcendental  functions,  theory  of  cunres,  and  erolnlesL  The  thlid 
part  exhibits  the  method  of  obtaining  the  int^jahi  of  a  great  rariety  of  diflsrentlalfl,  end  their 
application  to  the  rectification  and  quadrature  of  cunres,  and  the  cubatnre  of  eolids^  All  the 
principles  are  illustrated  by  an  extenaiye  coUeetion  of  examples,  and  a  rlassillad  eoUeetloa  of 
a  hundred  and  fifty  problems  wili  be  found  at  the  close  of  the  rolume.  The  work  wee  pre* 
pared  to  meet  the  wants  of  the  mass  of  college  students  of  average  ahjlltiea 

AnalTtical  Geometry  is  treated,  amply  enough  for  elementary  instraction.  In  the  short  eem- 
pass  of  113  pages,  so  that  nothing  may  be  omitted,  and  the  student  eaa  master  his  trxt-heok 


as  a  whole.     The  Calculus  is  treated  in  like  manner  in  167  pages,  and  the  opening  c 
makes  the  nature  of  the  art  as  clear  as  it  can  possibly  be  made.     We  reconunendthii 


without  resetre  or  limitation,  as  the  best  text>book  on  the  sul^ect  we  hare  yet 
iat  Quarterly  Review. 

Loomls's  Analytical  Geometry  and  Calculus  is  the  best  work  on  that  snl»fect  for  a  roDef« 
course  and  mathematical  schools.  It  contains  all  the  important  prineifries  end  doctrines  of 
the  calculus,  Bimplified  and  illustrated  by  well  selected  problems. — Thomas  £.  Smuts.  A.1L, 
Prcife$eor  of  MatMmatiea  in  DieHnaon  CoUeffe. 

Loomls's  Calculus  is  better  adapted  to  the  capacities  of  young  men  than  enj  book  hereto- 
fore published  on  this  subject— A.  P.  Uookb,  Pnfesaor  qf  Mathematiee  in  Betkamy  CoOeye. 

I  have  examined  Loomls's  Analytical  Geometry  and  Calculus  with  great  aatislactioa,  aal 
shall  nuke  it  an  indispensable  part  of  our  scientific  course.— Jamss  &  Dodd,  A.M.,  Pr^emor 
€/ McUhematiee  in  Traneylvania  Univerwitu. 

I  am  well  pleased  with  Loomls's  Analytical  Geometry  and  Calculus,  as  it  brings  the  sabjerts 
within  the  powers  of  the  miO<>rtty  of  our  students,  a  thing  certainly  that  rery  few  antbon  en 
the  Calculus  try  to  do.— Jaiiks  Cuklst,  Prqfeaeor  of  Mathematiee  in  Oeoryetawn  CoOaye. 

No  similar  work  is  at  the  same  time  so  concise  and  so  comprehensire ;  so  well  adapted  for  a 
collie  class,  wherein  every  part  can  be  taught  in  the  time  prescribed  tor  this  dcpertSMBL— L 
TowLSB,  Pro/eeeor  of  Mathematiee  in  Hohart  Free  CMege. 

Introduction  to  Fraotloal  Astronomy. 

With  a  Collection  of  Astronomical  Tables.    8vo,  497  pages,  Sheep  extra,  $1  50. 

This  work  fnmiflhM  a  description  of  the  instruments  required  in  the  outfit  of  an  obeerratorr. 
as  also  the  methods  of  employing  them,  and  the  computations  growing  out  of  their  assi  I; 
treats  particular! v  of  the  Transit  Instrument  and  of  Graduated  Circles:  of  the  method  of  df^ 
termlnlng  time,  latitude,  and  longitude ;  with  the  computation  of  edipeea  e&d  occeltatSoea 
The  work  is  designed  for  the  use  of  amateur  obserrers,  practical  sunreyors,  end  engiaeera.  as 
well  as  students  who  are  engaged  in  a  course  of  training  in  our  collegea.  The  tables  which 
accompany  this  Tolume  are  such  as  have  been  found  most  usefhl  in  astronomical  compntatieBa 
and  to  them  has  been  added  a  catalogue  of  l&OO  stars,  with  the  constants  required  for  rsdedag 
the  mean  to  the  apparent  places. 

Letters  commendatory  of  this  work  have  been  recelTod  ftom  O.  D.  Airy,  Aittroneescr  Bsrel 
of  Enf^land;  from  William  Whewell,  D.D.,  Master  of  Trinity  CoUege,  Cambridge,  Ef^taad; 
from  Professor  J.  Challis,  Tlumian  Professor  of  Astronomy  in  the  Unirersity  of  Ckmfaridce, 
l->igland ;  from  J.  C.  Adam^  late  President  of  the  Royal  Astronomical  Soeiety :  fhxe  Angestus 
I)e  Morgan,  Professor  of  Mathematics  in  UnlTersity  CoUege,  London ;  from  M.  J.  Johasee. 
Director  of  the  Radcliflie  Observatory,  Oxford,  England;  hnoL  VOIUam  LaweO.  AstroMM 
01  Urerpool,  England;  from  O.  Piaasl  Smyth,  Astronomer  Boyal  for  Soellaad ;  ftem  the  Bari 
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of  Rosse,  Ireland ;  from  Edward  J.  Cooper,  of  Markree  Castle  Obeenratorj,  Ireland ;  and  from 
numerous  astronomers  (torn  every  part  of  the  United  States. 

Professor  Loomia*B  work  on  Practical  Astronomy  is  likely  to  be  eztensiTely  oseAil,  as  contain- 
ing the  most  recent  information  on  the  subject,  and  riving  the  information  in  such  a  manner 
as  to  make  it  accessible  to  a  large  class  of  readers.  I  am  of  opinion  that  Practical  Astronomy 
is  a  good  edueation'U  subject  even  for  those  who  may  never  take  obserrations,  and  that  a  voik 
like  this  of  Professor  Loomis  should  be  a  text-book  in  everr  university.  The  want  of  buch  a 
work  has  long  been  felt  here,  and  if  my  astronomical  duties  had  nermitted,  I  should  have 
made  an  attempt  to  supply  it  It  is  remarkable  that  in  England,  where  Practical  Astronomy 
is  so  much  attended  to,  no  book  has  been  written  which  is  at  all  adapted  to  making  a  learner 
acquainted  with  the  recent  improvements  and  actual  state  of  the  science.— Jamxs  Cuallxo, 
IHumian  Prc/esaor  qf  Adnmmiy  in  the  UidvertUy  cf  Cambridge^  Bngland. 

Professor  Loomis*8  volume  on  Practical  Astronomy  is  by  far  the  nest  work  of  the  kind  rt 
present  existing  in  the  English  languaee.— J.  P.  Miohol,  LL.D,  I^rqfeuor  €f  Praetieal  Astron- 
omy in  the  University  qf  Olaagtno^  SeoUand. 

The  science  of  the  age  was  most  assuredly  in  want  of  a  work  on  Practical  Astronomy,  and 
I  am  delighted  to  find  that  want  now  supplied  from  America,  and  fh>m  the  pen  of  Professor 
Loomis.  I  propose  to  make  this  volume  a  text-book  for  my  claas  of  Practical  Astronomy  in 
the  University  of  Edinburgh.— 0.  Piazki  Smtth,  Attnmamer  Boyalfor  Seotkmd. 

No  work  since  that  of  rroteuor  Woodhouse  places  the  reader  so  directly  in  communication 
with  the  interior  of  the  Observatory  as  the  work  on  Practical  Astronomy  by  Professor  Loomis; 
and  he  has  supplied  a  want  which  young  astronomers,  actually  wishing  to  observe,  must  havo 
felt  for  a  long  time.  It  is  more  than  possible  that  this  work  may  establish  itself  as  a  text-book 
in  England.  —  Auqubtus  Da  M<Aoam,  Prufeuor  <if  Uaihgmaiic%  im  UniMnity  CoUege^  JAm- 
don. 

Recent  Progress  of  Astronomyi 

especially  in  the  United  States.    Bevifled  Edition.     12mo,  396  pages,  Muslin, 

$100. 

This  volume  id  designed  to  exhibit,  in  a  popular  form,  the  most  important  astnmomical  dis- 
coveries of  the  past  ten  years.  It  treats  particularly  of  the  discovery  of  the  planet  Neptuae, 
of  the  new  asteroids,  of  the  new  satellite,  and  the  new  ring  of  Satam,  of  the  great  comet  of 
1S4S,  Biela's  comet,  Miss  Mitcheirs  comet,  Ac ;  of  the  panllax  of  fixed  stars,  motion  of  tho 
stars,  resolution  of  the  nebula,  &c  ;  the  history  of  American  observatories,  determination  oi 
longitude  by  the  electric  telegraph,  manufactare  of  telescopes  in  the  United  States,  Ac  The 
new  edijiion  of  this  work  has  been  mostly  re-written  and  much  enlarged,  and  contains  the  most 
important  discoveries  in  Astronomy  down  to  the  present  time. 

Professor  Loomls's  view  of  the  drcumstances  attending  the  discoveiy  of  Neptune  appears  to 
me  the  truest  and  most  impartial  that  I  have  seen.  —  J.  Caiixis,  PCumian  Iht^feseor  of  Aa- 
tronomy  in  the  University  qf  Cambridge,  JEngUxnd. 

I  thank  you  for  vour  interesting  little  work  on  the  Recent  Progress  of  Astronomy :  yon  have 
reason  to  be  proud  of  the  rapid  advances  which  science  in  general,  and  especially  ABtronomy, 
has  lately  made  in  America. --J.  C.  Adams,  late  PreMent  qf  the  Boyal  Attronomieal  Societu. 

ProfesBor  Loomis*  s  volume  on  the  Uecent  Progress  of  Astronomy  contains  a  great  deal  ot  u<>e- 
ful  and  valuable  information.  "What  is  said  about  American  observatories  was  in  great  part 
new  to  mo.— J.  Lamokt,  Direetor  ef  the  Aatronomietd  Obeerootory,  Munich^  Bavctrla. 

The  design  of  this  work  is  to  exhibit,  in  a  popular  form,  the  most  important  astronomical 
discoveries  of  the  last  ten  years.  The  author  has  executed  the  task  with  his  usual  thorou,';{i- 
ness  and  aocuracy,  and  the  student  is  here  ftimished,  in  a  condensed  and  reliable  form,  with  a 
large  amount  of  important  information,  to  collect  which  from  the  original  souroes  would  co€t 
him  much  time  and  labor.— jimertom  Journal  Oif  Science  and  Arte. 

Loomis*s  **  Recent  Progress  of  Astronomy**  has  afforded  me  great  interest,  for  it  is  admimMy 
done.  As  a  woiic  to  be  read  by  a  multitude  of  our  intelUgent  people  who  an  not  adepts  in  as- 
tronomy, it  has  no  competitor.  It  supplies  a  desideratum  that  was  strongly  felt,  and  must  j^rut- 
ify  numbers  who  are  interested  in  the  progress  of  astronomy  in  oar  own  country. — CHXSTra 
DxwKT,  LL.D.,  Prcfeeeor  in  Rochester  Univereity. 

Elements  of  Natural  Philosophy  and  Astronomyi 

for  tho  Use  of  Academies  and  High  Schools.    12mo,  Sheep.    (In  press.) 

This  volume  exhibits  In  a  concise  form  the  fundamental  principles  of  Natural  Philosophy 
and  Astronomy,  arranged  in  their  natural  order,  and  explained  in  a  ctoar  and  scientific  man- 
ner, without  requiring  a  knowledge  of  the  mathematics  beyond  that  of  the  elementary  branches. 
Special  pains  have  been  Uken  to  make  this  work  both  practical  and  interesting  by  borrowing 
illustrations  from  common  life,  and  by  explaining  phenomena  which  are  familiar  to  all,  but 
whose  philosophy  is  not  generally  well  understood. 
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